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Nuli Filter Mobile Radar (NFMRAD):
Concept Veritication

L INTRODUCTION

Pulse-Doppler radars maxv be used in a side-looking airborne configuratie
tor the detection of slow-moving stand-oft targets embedded in clutter (that 1=,
foliage), Such a radar experiences interference from this backeround olutter,
Clutter signals received through the rnaimbeam may be distinguished o o taraet
ol interest by appronriate Doppler filtering,  This s possible, since the muin-
beam clutter returns possess near-zero Doppler and can be effectively separated
from a moving target signal possessing a Doppler frequency shift, However,
clutter reccived through receive antenna sidelobes possesses motion relative o
the moving radar platform. This sidelobe clutter can easily possess o Doppler

equal to that of a moving target in the receive antenna mainbears.  Donpler tilter-

(e}

ing of this sidelobe clutter signal will not separate it from the target Dopplor si
nal received through the mainbeam. Hence, with sufficient power, the sidelobe
clutter signal can obscure the mainbeam target; thus, moving target detection is
renderced difficult or impossible, The detection of a moving target will be muade
where no such target exists in the mainbeam,

This phenomenon results trom the mechanism which generates a Doppler tfro-
quency and may be referenced to the forward motion of the radar platfor by the

following relation:

(Received for publication 3 (ictober 1080)
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fd —)r(l cos f

where A is the wavelength of the radar frequency; V(l is the forward velocity of
the airborne radar platform; 7 is measured from the line of forward motion of
the radar platform, and l‘d is the resultant Doppler frequency, Targets with
motion parallel to the radar platform and with position in the receiver mainbeam
would be at a ¢ angle of 90 and produce a zero Doppler frequency in their radar
returns,

Targets illuminated by the mainbeam and producing nonzero Doppler fre-
quencies are following courses nonparallel to that of the radar platform; hence
thev possess radial velocities with respect to the radar platform, A problem
artses when ground clutter possesses a radial velocity with respect to the moving
vadar platform.  This is true of ground clutter received through the receive
antenna sidelobes,

To illustrate thiz matter, assume that the radar platform possesses a for-
ward velocity of 180 miles per hour (mph) (80 meters per second (i 3))., A sig-
nal is being rcceived inan antenna sidelobe from o large pateh of ground clutter
at a bearing of reughly a5 from the radar platform course heading,  The return
signal power would be large and detectable above the radar svstems minimum
disvernible signal level,  In addition, the sidelobe signal Doppler would be
14 m s A, For g radar wavelength of 1,8 ft (0, 6 m or 300 MHv), the Doppler
frequency of the return would be 23,3 Hez, indicating o target :noving away from
the radar platform with a radial speed of 31,3 mph (14 m 2),

The returned signal Doppler frequency mayv also be referenced to radial
velocity from the moving radar platform with the following relation:

)\7
. I
: X

d
where Vr is the apparent target radial velocity from the moving radar platform,
A moving target in the mainbeam may possess the same radial velocity as side-

lobe clutter:

A% Vv cos 809,
r O

Such a target, embedded in foliage, could be traveling away Trom the radar plat-
form at 31,3 mph (14 m/s). The course of the mainbeam tareet would he 80"
From that of the radar platform, with o velocity of approximately 32 mph

(14,2 11, 8) on its own course,

incihic




Examining the two cases illustrated above highlights the problem from the
radar reception standpoint, With reception of clutter alone, an erroneous detec-~
tion of a target may be made, With the reception of the discrete clutter at a
bearing from the radar line of travel of 95°, and the simultaneous presence of
the moving tatrget in the reccive antenna mainbeam, detection of the mainbeam
target ts pendered a difficult if not impossible task, Figure 1 illustrates the
situation® Of clutter at 95 and the above target on a course 80° from that of the
radar platform,

tine possible answer to this sidelobe clutter problem is the use of a narrow-
beam, low-sidelobe high-gain antenna. Unfortunately, this approach suffers
from physical unmanagability. The radar operating frequencies that afford good
foliage penetration performance lie well below 900 MHz.”~ The antenna apertures
required to realize a narrow mainbeam become prohibitively large at these opti-
mum foliage penetration frequencies, and would result in an antenna size
physically unmanageable in a side-looking airborne configuration.

One approach to the solution of the Doppler clutter problem is the use of
antenna receive-pattern nulls placed or stirred such that the interfering clutter
is attenuated. This technique could be used in conjunction with mainbeam target
Doppler filtering to reveal the presence or absence of a tactical target in the
mainbeam. It is for the investigation of this antenna null filtering technique that
the Null Filter Mobile Radar (NFMRAD) project has been conducted.

NFMRAD is a proof-of-concept investigation. In any proof-of-concept pro-
gram, economy of performance in the attainment of new information is impaortant,
To this end NFMRAD has been designed. Hardware design in both the areas of
radio frequency and digital signal processing technology has been directed toward
implementation of cne antenna null and one Doppler filter with a similar design
of processing software.

Rather than implementing NFMRAD in a costly airframe design, a truck-
based moving platform has been used. This NFMRAD configuration is similar
to that of a side-looking Airborne NMoving Target Indicator (AMTI) on a moving
platform. The moving system may be field tested against another moving target
(truck), greatly simplifying field testing while addressing the objective of the
most economic experimental investigation possible. Additionally, facility exists
in the design for comparison of NFMRAD performance to that of conventional
standoff, side-looking AMTI without the null filtering capability.

NFMRAD, as an experimental system, has been implemented in X-band. In

keeping with constraints of simplicity and economy, the X-band implementation

2, Brown, Dr., Garyv S., and Curry, William J. (1979) An Analvtical Study of
Wave Propagation Through Foliage, RADC-TR-79-350,

13

-

ke . a




CLUTTER
PATCH IN
SIDELOBE )
{SIZE NOT
PROPORTIONAL )
\
| L LARGE STNDOFFOISTANCE
r/ (LOOKING DOWN AT TARGETS)
i
e
I NS
| N\,
Y} "\
\)
.
RADAR COURSE 180 MPH
RADAR PLATFORM (SIDE LOOKING)
DOPPLER og_nm ;nou O DOPPLER -
\ /m“ T D AN EIC TG

+fd

ST

-2331: o

Figure 1, Example of Doppler Clutter Interference




affords the use of readily avandable cormponents wothin oo cornbaet expeniee ntal
configuration, This again aot only sunphfies the desron cf the experaental e bie
platform but also cases Neld testimg requirenients,

Section 2 of this report covers tnodetaad the thearetiead aspects o the
NEMRAD concent, Sections 3 and 4 descrmbe the b daace desipn, both cardn
frequency and diptal creewitey, Section bocove s the desten of supperting svsten
software, while Section o deals aith the expersaontal s sten el installanen ol

« testing, Results and conclustons are proesented an Section o thn report,

2. THE NFMRAD CONCEPT AND EXPERIMENTAL SYSTEM

2.1 The Null Filter Mobile Radar (NFMRAL)
2.1.1 COGNCEPT DESCRIPTION AND FIL'TER REQUIRENENTS

The NFMRAD system operates from a moving platforn: and uses Dopples
bandpass and bandstop filters together with nuil contral in the recerve ntenna
array pattern to reduce clutter return when detecting a toeget that 15 e ten
relative to the ground. For a radar moving with velocity vorelative toothe ground,
there is a simple relationship between the clutter Doppler frequeney shift A?‘(i

and the azimuth angle A given by the formula '

. 2r cos B
Ard S w—

where XA is the wavelength of the transmitted frequency and 4 is measured clock-
wise relative to the direction of motion of the NFMRAD platform. By means of
this relationship, all Doppler filter plots between the maximum and minimun.
clutter Doppler frequency shifts (20 A and -2¢/A) c¢an be exhibited as functions of
azimuth angle 0, rather than clutter Doppler frequeney shift, Throughout this
report, we will assume that the clutter distribution is uniform in 1,  The Doppler
filter patterns in v thus represent the clutter distribution as modified by the filters.

The NEFMRAD system converts to baseband, using inphase and quadrature
mixing, The received signal thus processed will contain only the Doppler fre-
quency shifts; these will be positive cr negative according to whether the objects
producing the reflected signals are approaching or receding relative to the radar,
Discrimination between these two cases is possible because both inphase and
quadrature information is present. To quantitatively measure the frequency shifts
and hence the relative velocities, bandpass filters must be designed that can

measure both positive and negative frequencies and distinguish between them, At

the same time, to discriminate against signals due to ground clutter, it is
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4. Drane, C.J., Jr. and Mellvenna, J. P, 1969 Gaan Maxinazation and Conteclied
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CDC=-5600, using modifications of a FORTRAN program devised by Goggins and
Schindler, ) Figure 2(d) shows a tyvpical optimum receive antenna areay pattern
for the present case, It is characteristic of this optunum pattern that it has o null
region t the angular sector whase clutter Doppler return lies in the passbond of
the Doppler bandpass filter.

The power filter transfer function for the composite filter obtained by casead-
ing the bandpass filter (Figure 2(b)) with the bandstop filter (Figure 2(e)), s shown
in Figure 2(e), A plot of clutter power vs angle, as observed after dllunimation of
the assumed uniformly distributed clutter by the transmit antenna pattern Tollowed
by fittering but before receive antenna processing, s shown in Figure 2(0, The
product of this distmibuytion of clutter power vs angle with the NEFMBAD receve
antenna pattern represents the distribution of clutter power that s ultimately pros-
ent in the NEFMRAD system, and is shown in Figure 2(g),  The integral of the
clutter distribution shown in Figure 200) s a measure of the total clutter poweran

the NFMRAD svstem,

e Goggins, WK,
Signal-to-Clutter in AMTI Radars, pp. 1,-21
AD

Jr. and Schindler, J. K, (1474) Processing for Maxiunuon,

ATCRI -TR-74-0177,
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Figure 2(h) shows the composite antenna pattern (product of the antenna trans-

mit pattern with the NFMRAD receive pattern), Note that the composite filter

transfer function, Figure 2(d), and the composite antenna pattern, Figure 2(h),

are complementary in that the composite filter transfer function has a reject

region in the angultar

and vice versa,

range where the composite antenna pattern has a mainlobe,
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2.2 baperimental Radar System

A sunolifted block dugram of the experimental NFARAD syvsteni s =sbownan
Frgure 3, A low-power N=-band transmitter 15 shown in conjunetion with un cight -
channel coherent recetver,  An cight—element lineas recewve arrvay feeds the RE
feont ond of the ecight -channel coherent veceiver,  Inphase and quadrature signals
for each channel are genervated at the output of the receiver, The recerver output
snals are converted to a digital format and transterved into an array processor,
The arrvay processor forms the receive antenna pattern and filters the radac duta,
Failtered data is transferred into the host minicomputer where it s stored and dis-
plaved. Detection processing takes place in the mintcomputer, and detection out -
puts are also available for display on CRT, Filtered data is stored on magnetic
tape for more sophisticated off-line detection processing, to be performed on o
CDC a0,

The experimental radar system uses conventional AMTI processing as a basis
for performance comparison,  Figure 4 depicts a block diagram of the total
NEFMRAD AMTI experimental radar svstem.  The experimental syvstem implemented
incorporates two forms of radar processing, NEFMRAD and AMTI, The two radar
processing algerithms use common data as input; however, the NFAMRAD algorithm
differs feom the AMTT algorithm in that the antenna patterns svnthesized in proc-
essing are different. AMTIL processing forms an antenna pattern by uniformly
weighting each receive channel, while NIPMRAD antenna pattern synthesis werght s
cach channel so as to Torm a clutter noteh i the receive pattern, Sidelobe cluttor
falling outside the NFAIRAD antenna pattern clutter noteh s not in the bandoass o
the NFMRAD Doppler filter,  Antenna beam-forming coeffictents wre o functivn of
the Doppler filter bandpass center frequencey, therefore, to detect oo ande range of
target velocities, several Doppler velocity filters are needed, with cach filier
requiring a separate antenna pattern and clutter noteh, The NFMRAD and AN 1]
Doppler velacity filters that follow the antenna pattern processing are identieal,

The block diagram of the NFMRAD system shown in Figure 3 depicts o low -
power moenopulse transmitter operating at 9,410 GHeo o The experimental transn:t
pattern shown in Figure 16 indicates an azimuth beamwidth of 18", The exper -

moental transmit elevation pattern of Figure 17 indicates a 3-d13 elevation beamwidth
of 12, The transmit horn shown in Figures 3a) and a(b) was placed i an ancechaic
chamber for the pattern measurements,

The eight-clement receive array shown in Figures a(¢) and 3{d) feeds the RE
front end of the eight-channel coherent receiver, A theoretical and experimental
single-element pattern is shown in Figure 20, The measurcments were made in an
anechoic chamber, and the pattern is indicative of a waveguide opening into frec

space,

t
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Table 1 summarizes system churacteristics, some of which were discussod

above,

Table 1. NIFAMRAD AMTI System Characteristics sununary

Experimental Operation
Limited broadside search (selectable search range)

Real-time antenna pattern synthesis, Doppler filtering, and
detection processing achieved in radar van

Filtered data recorded for off-line additional detection processing
on a CHC £600

Operational Frequency
9.410 GH~z
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Table 1. NFMRAD/AMTI System Characteristics Summary (Cont, )

A/D Conversion

Number of Range Cells 16

Sampling Rate 4 MHz (266 ns per range cell)
[nterval per Range Cell 131 ft (40 m)

8-bit Conversion Rate 10 MHz

RF Noise l.evel as a Function of Receiver Sensitivity

Number of Mantissa Bits

1F Attenuation Consumed by RF Noise

dB Average Worst

Value Case
0 4 5
6 3 4
12 2 3
e 1 2
24 0 1
30 0 0
36 0 ]
42 0 0

Swit~hing noise on the A/D boards consumes one mantissa bit, independent
of IF attenuation. A combination of RF and switching noise vields the
following:

Number of Mantissa Bits

IF Attenuation Consumed by RF and Switching Noise

dB Average Worst

Value Case
0 4 5
6 3 4
12 2 3
18 1 2
24 1 1
30 1 1
36 1 1
42 1 1

Array Processor
6 asyncronous microprocessors
32-bit word
3 memory buses

Performs real-time beam formation and Dappler filtering for
NFMRAD and AMTI processing

1 Doppler filter implemented

3 dB Doppler filter passband -238.6 Hz to -401, 5 Hz
(diverging case)

Angular sector of clutter in 105.19 to 116° (diverging case)
Doppler filter passba:’




Table 1. NFMRAD/AMTI System Characteristics Summary (Cont. )

Minicomputer
Memory 32 K interleaved core
4 K bipolar
Cycle Time 100 ns
Word Length 16 bits

Performs real-time detection processing, data storage and
display functions

Recorded Data Display Filtered NFMRAD and AMTI
(Table 12) data recorded voltage ampli-
tude or detection output as a
function of range cell

2.3 Theoretical Investigations Relative to the NFMRAD Experiment
2,3.1 THE NFMRAD EXPERIMENT

The following parameters and specifications are pertinent to the NFMRAD
truck experiment:

Radar Van and Target Parameters

Truck velocity = 32,7 mph (14.6 m/s)

Target velocity = 24.4 mph (15.4 m/s)

Target velocity relative to truck = 11. 2 mph diverging (5.02 m/s)

Target bearing relative to truck = 90° (constantly broadside)

Target Doppler Frequency = -315 Hz (diverging case)

Angle between truck track and target track = 19°

Angle at which clutter return has target Doppler frequency = 110. 12°
(diverging case)

The layout of the tracks for the radar van and the target is shown in Figure 6,
This is a constant-bearing diverging case and ideally results in constant relative
velocity and therefore constant target Doppler, However, experimental errors in
truck and target velocities and in relative bearing will be present. As the experi-
ments are performed using just one Doppler filter, it is necessary that the filter
passband be wide enough to accommodate the anticipated experimental errors.

A constant-bearing converging experiment is generated by reversing the
directions of the target velocity and truck velocity. For this case, the target
Doppler frequency changes sign to +315 Hz, and the Doppler filter is designed with
its passband centered on this frequency.
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the cascaded filter does not have o caprd rolloft in the cegion between these sectors,

the figure of merit will be reduced,

Generally, it was tound that discriminations greaver than about 40 4R Yor beened -
stop of bandpass 75 cwd not improve the Yigure of merit, This s due an paet to
the noise produced on reception by the analog-to-digital converter because of
truncation.  Analvsis of the experinental system to be used ir the truck prediets
that if theoretical nulls of the order of =55 dB were desived in the optimum re eve
pattern, truncation in the A D converters would vesult i nulls only of magnitu b
-48 to =50 dR. The effect of the truncation is therefore cqutvalent to g noise souses
in the receiver system at o level 48 to 50 dB below the peak of the optimur
(NFMRAD) pattern,

Taking into account the effect of the A D truncation neise on the optimur.
receive pattern, the figures of merit for many different cascaded paoes of BIR
filters were computed and compared,  Bandwidth considerations, bused promards
on expected ervors in relative velocity in the truck experiment, indicated that s~
cading a BP33-2-1 bandpass filter with a BS33-14-1 bundstap filter was the best

compromise solution (that is, high figure of mertt together with adequate banduw idth),
2.3.3 COMPARISON WITH CTHER SYSTENS

NEMRAD was compared with svstems using Chebyshey and unitform arveay
transmit and receive patterns with and without filters, o all cases the antenun
apertures used were equivalent to those as specified for the truck experiment,
Comparisons were made for targets located broadside to the truck and moving at
various radial velooaities in the interval =11, 2 mph to =32, 7 mph (-5.02 m 5 to
-14, 6 m“s), PFigu.e 7 shows the improvement of NFMRAD over systems using
uniform array transmit and receive patterns with and without filters, The coascaded
FIR filters used for this analvsis were composed of a BRP33-3-2 bandpass filter and
a BS33-14-1 bandstop filter,  Figure 8 shows the improvement of NFMRAD over
svstems using -40 dR Chebyshes patterns for both transmit and receive with and
without filters, The filters used here were a BP33-2-1 bandpass and a BS33-13-1
handstop,

Without filters, the performance of both the uniform arrav svstem and the
Chebyshev arrav svstem are far inferior to NFNRAD, Even with filters, the
untform arveay svstem performance 15 353 dB or more below NFMRAD over most
of the clutter frequencey range that was considered. The Chebyshev array system
performance with filters 1s at least 8 dB below NFMRAD except for clutter fro-
quencles i oa range corresponding to low radial velocities re'ative to the ground
where NFMRBAD improvement was 20 to 35 dB, For a given aperture s1ze, the
cornposite Chebyshev pattern (the product of the transmit and receive patterns)

has o broader mamlobe than the composite NFMRAD pattern, and for targets with
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radial veloctties close oo the coehind vedootts o rbae Tow b o0 e i Tt ot

broadening detertorates the performanee conse derab bvs Toe b et oy :
svstem with Olters, the perfornnee o ves o T chtierene e b r oo -

velocity of the target and that f the Toeal ground clutter Ao nens e,

3. NFMRAD RF HARDWARE

NEFMRAD is a "proaf-of=coneept’” systerm, and the aboective s the G oo
construction of a radar capable of pertoronng the postulated tune o wnd e
greatest economy, This economy mnvolved simphieits an desion o poomenur e -
tary cost in the addressing of the progeam obectives A umgue coeb acphastio st
cxperimental tool i3 the product of this "econormite’ conaderation,

NEFMRAD was created i order to expertmemally mvestigate i cvndunre che

use of antenna pattern null filtering to reduce Doppler clotres s oo resuly,
NFAIRAD pertormance capabilities are hisited inoextent. NEPMBAD, as oope - ¥
af-concept design, is not o fullv operational side-looking, stand-ort, o rheene
moving target indicator radar design based on the antenna null=-Hlterme coneepr,
The principle performance characteristios of NEMRAD e hichiehred b, '
As a side-looking Airborne NMoving Tarvget ITndveator (VAT radar, NEFAMBAD doees
not possess the performance capability of angulare scamang Goamuath o elevatnoe), '
NEFMRAD responds to targets inits main beann and is capable of aulling Donpley
clutter received through one antonna sidelobe, This is possible since the NFARAD
possesses o multichannel receiver design, However, the antenm null i developed
throurh digital sional processing of information fror the cight cecceive Chonnels,
The NPMBAD alse performs= conventional Dopoler filter pevnceasime, s ever
here again onty one Doppler filter of experinental intere=t i popleomented, ond) s
with the anrenna null formation, it is created throuch the dienad procvessme o0 e
cight-channel receiver intormation. These performance capabilittes and Heatan ns
are adirect result of the intended purpose of the NEFAMRAD hoodaare desiorn, 4
The NFMRAD may be subdivided into threeo medor Functi nal subsyster o the
BT syvstem, containing the transmitter and the receiver moxmg preamphifionton :
stage; the Signal Conditioning section, consisting of the intesmnedin e Srequency [
amplifiers, the gain contral, detectors, sample and hold circuits, amdoo=to=dontal
converters, output, timing, and control logic; and the Stgnal Processor, consisting !

of o high-speed array processor slaved to a host CSPP=30 mimcomputer,  Figure 9

ilustrates this simple functional subdivision of NFMRBAD, i

Discussion of the NEFMRAD R havdware design and operation will encompass ‘4
the RIT section and portions of the Signal Conditioning section critical to the proper 1
functioning of the NIFMRAD RE design,  Remaining topices dealing with the dipatal l
hardware will be developed in Section 4, i
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Frequencey Stability: 10,0020 percent

Temperature Range: 32 to 1401 (0 1o 0t ()

Harmontes:

-50 dBe (mimum)

Sub-tarmonies:

a2 dBe (=45 dB3e oaneam)

Spurious:

-6 dBe mimnmum

cutput Impedance: H0 Q

Phe sccondary source (a n0=MHe cevstal-conteolled oseillator (Greenaay,

model numbet Y=3 1308 400 specifnications are as fotlows:

Frequeney stabzbity: 0,000 percent

Pemperature ange: 32 00 140V (0 1 50U

Cutput Posers 800 W (o)

Horreronies aond Sub=Tarsoomnes=: =20 dBe (coneun)
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The nuxing products of the 9,35 GHe and 60 MUz are Tree to propagate from both
waveguide ports of this device, The 50=-MHy residuad is attenuated by the cutoff
characteristics of the waveguide,  However, the sum and difference signals, as
well as the original v, 5 GHy, are within the passband of the waveguide,

Power conststing of retlected 8, 35-GHy signal and the various mixing product
propagate down the waveguide in the direction of the -6 dB divectional coupler our-
put port, The diveetivity of this directional coupler is specified at 15 d13. This
enables the coupling of mixing product power into the 1O signal path to the receiver,
This syurious signal power consists of the sum, difference, original 9,35 Gliv,
and the intermodulation products. The presence of these mixing products in the
L.y path to the recetver mixing preamplification stages would desensitize the
receirver by ramsing the mixing preamplification noise floor; that is, cffectively
Tlamming” the veceiver front end,  In order to avoid this difficulty, an isolator and
the first pin dinde modulator have been placed between the -6 dB directional coupler
and the orthomoede nuxer.  An understanding of the mechanism involved mav be

obtamed theough exammation of two distinet cases: diode switeh "off condition

and dicde switeh "on'” condition,

First consider the diode switeh 7off” condition,  During this condition the pin

Jdinde swatel provides -4 dB3 of nondivectional attenuation, This effeetively atten-
Uates the 9035 GHe power Goomaximunm of 730 mW 1o o Tevel of =16 dBm) available
at the crthomode paxer to o level below that required to effect pxing (2-mWw
coanemus cequieed stenal power), Henee, these mrixing products cannot be gener -
Ated By othe Trurn o™ o of the e by the 9, 35-GHe signal power during this
condhitron,

Given the possibihity of sufficrent sienal cureent available for mixer turnon
Teer rhe SO =ATHE S Svaee

Sutfierent reverse Signal attenuation exists to prevemnt

cecotver desensuroatnon s Phe raxed sienad o woould be oot oo level below the maximum
Sesouteut Cressured vt case at 20 00WY 0 But Tor sake of argument, choose
e hoae b 200N ks el would traverse =40 AR OF attenuation m o the diode
S T e et ion n st s dator preceding the swoiteh, o
E -l AR e eraeey v bbb le ke =5 B divectional coupler, as
o bbb ekt o e Jhivison (-0 dB channel), This would pive
. [ R A AE A SN L S S R R R S ERTE R BTN A{‘{‘In\l'ﬂ,‘l!l']\ -12% 4. It one
. N e e e e ke et the diode =wteh, then oo mani e,
it N E N e sent at rhe et Ning stage U each receive:
. ti e cotb el e b e e e ke T 0 thie receiver,
I v . ot cobnne e o st antenncd) during st
- ol e pney TRl e, Thys st sinee Litthe or
tren s ey el b anencres aetualiy evists o the
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tcdel 2322280 The moded 350420 noss.
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Both saitches are o0 compact phvsweal d

Uhoe disde swieh
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Fiouse 110 Typieal Microwaee PIN Dicede se1tch
(Adapted reom Hewlett-Packard Application Note,
Fast Microwave Saitch=-SPST Series 373140 ana
33640)

An BE pulse produced feoni the action of Model 332224 »

will possess vise
fall times no greates than 10 ns. Model 331428 will typrcadly produce an R

with a mise time of 5 ns and o fatl tiime of

Tns. Switeh turn Ton' oo o s s

function of control valtage threshold,  Actual turn Von’” or 7off" times are o ane -

tion of the switching characteristies of the diodes shunting the RE path. Cnee the

negative going controf pulse amplitude in fact falls belaw apr rises above the oot
controlb voltage threshold, the switeh willturn on or off,
istic switching time of the switeh diodes,  Switeh model 33142A i

canuble or
absorbing 2 W of CW power in the off mode,

the TWTA, is capable of absorbing 2 W of CW power and sustaining o 75 W peak
power at a maximum pulse width of one ms and 0. 001 duiy oxvele,

Both suwitches ave driven by o T
DHOO03 5.

ccompatible switeh deiver (device nursber
The main band trigger is provided to infegrated logic crreuttes (0T

which drives the switeh dreiver of the first microwave diode sarc b, Proas the =san

main band trigger source, the main bang trigger to the <ceond dode =citedh 1= s
supplied to s SNTHI23 OV ecetrigeerable meonostable copdtivibeator), Jhos
device delavs and reshapes the main bang teigger, The cutout 0 rhe SNTAH120 11

device s al=o supplicd to integeated Logie circuit ey (7T whieh deives ob
driver ol the second rocroagve pion dicde seiteh,

2
0

1 pulae

Coe oty

S
Switch model 3322240 o the output F

¢

‘

according to the character -




Rerorring to Froure 12, the fiest diode sanch poecedes the orthomode mxe:
and the secend diode seiteh tollow s the TWT conplifiorys A= oo vesult, o Dunte and
srgnereant delay extsts oan the propsgation of the BE pulse fron the fest duode
sattob o the sceondd diode swatel, To compensate Tor this propagation deluy, the
Soeing e second switeh driver s delased through the aetvon of the SNTH123 T
beviee, Phe sising edge of the nuon bang trigeer latches the TSt stage of the
SNHI23 on, External RC timine crrewtey as adjusted to vield o fiest=stape n-
time of 300 ns, equal to the propagation delay from nest to the second switeh, At
the down clock of the Fiest SNT74123 staee, the second stage is clocked on for the
predetermiacd period of 206 ns. The output o this stage 12 used to dive the seo-
cnd microwave pin diode switeh driver, The microaave switeh is turned on !
precisely the time the RE pulse generated by the fivst switeh has visen to its
maximum amoplitude, and remmns on for 246 ns. This detien perpits opemng oF
the second switeh when o stable RE pulse s incident at its inpur pert and ceshapes
the wide RE pulse to destred pulse width,

I'he RE pulse generated by the Jiest diode switch vs o wider than tha desred for

ransmission,  This s o vesult o the fltering action of the waveguide lrer that

climvinates the hivher frequency components of the BE pulse, Tooe b this prob-
Feervs, the coain bong triggers, as 1t originates from the Signal Processing Section—

1 nest board number 1 (Systers Timing D)o1s 320 ns wide, As ooresult, the RE

pulse cencrated by the Siest microwave diode switeh is 520 ns wade with rise nnd

Sl e

Wt this Stage of transnnssion pulse formation,  However, the

= less than 10 ns, The RE signal bandadth o5 theoretienlly 300 A aide

sveguide Nlter bind-

nuas s oonly 41 MHZ2 wide,  Consequently) the RE pulse immeident st the input to
the TWT amplitier s 320 ns wide, with rise and =l tines of spproximately 100 ns
cach,  The 320 ns wide main bang trigger s delaved " 50 ns by the 74123 devices
T st stage, which mtuen fires the 74123 device scecond stage for the desirod pulse
pertod of 26n ns. The ficing of the seoond stage of this TTL deviee enables the
copturing of the degraded R pulse (when it is present ot the socond switch), and
seshapes the RE pulse to the desived transmit pulse characteristios. The RE nulse,
incident at the transmit antenna input, has g slightly rounded veak and 1€ 2440 ns
Lide, with a rmise time of approximately 6 ns and fall fune D approximately 8 ns,

This reshaping process theoretically preduces a final reansmit pulse with lead-
ing and trailing edge “porches,” However, these porches are of durstion less than
30 ns and are no greater than 0.6 m inantensity,  These porches were not detect-
able during syvstem benech testing using a linear detector of 30 m VMW sensitivity,
Figure 12 below illustrates the pulse riring sequence discussed ahove,

The rise and fall thne of the switch driver output pulse vs between 4 to vons.,
This switching time is characteristic of the switch driver and independent of input

pulse rise and fall time,  In addition, the negative amplitude of the control pulse is
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Figure 12, Timing Diagram: Transmit Pulse Formation

far larger than the voltage necessary for diode switch turnon. This insures precise

and reliable operation of the diode switches. TFigure 13 is a schematic of the micro-

wave diode switch firing circuitry. The quad-Nand gate and inverter (T'TI, devices)

driving the switch driver add minor delays in the firing of the switch drivers.

These myinor delavs have been compensated for in the design of the firing circuitry,
The second switch also attenuates noise generated by the TWTA during the

interpulse period. The characteristics of the Hughes X1277H TWTA are such that

1 mW of white noise is continuously generated across its bandwidth, in the absence

of input signal. With the second switch turned off during the interpulse period,

white noise is reduced to a level of at least ~45 dBm. This, combined with the

-5 dB coupling figure from transmit to receive antennas, prevents subsequent

jamming of the receiver during the interpulse period,
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Solod TRANVEING WAVE TURE ANMPL THICATION

e filrered pulsed 90 31-GHZ signal rmust be amplhified before teansriission,
Insertiom losses through components between the orthomode mixer ond the anplifi-
cation stace vield a final peak stgnal poser of 5 mW maximumn incident o the
amplifier input,  The maximum safe permissible driving power for thns TW T -
vhtier (Hughes, model X12771D is 0.6 mW, This muy be achieved by adiusting the
varwble attenuator (adiustment located on the transmitter rack front panel) 1 o
setting of -y, 2 dB, With 0,6 mW of drive power, the TWT amplifier output power
is 22,5 W,

Continuously variable transmitter power is available in two power ranges, In
the low range (0-5 mW), the TWTA is switched out of the circuit by two muanual
waveguide switches, one preceding and one following the TWTA, During low-runge
operation, the variable attenuator, preceding the TWTA, uffords continuous adiust -
ment o transmit power passing through the parallel waveguide transmission path.
With the TWTA into the circuit, the same variable attenuator is used to continuously
vary transmit output power from 1 mW to 22, 5 \W through variation of TWTA input
power. Figure 14 is the measured gain characteristic of this particular TWTA,

In order to protect the TWTA from reflected power, a -16 dB isclator has been
installed between the amplifier output and the waveguide switch following the ampli-
fier, This protects the TWTA during manual waveguide switch operation and dur-

ing the second microwave pin diode switch off time.
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Figure 14. TWTA Gain Characteristic

3.1.5 TRANSMIT ANTENNA
The transmit radiator is a simple sectorial horn situated directly above the
receive horn array and polarized in the horizontal direction (H-plane vertical),

The horn aperture has an E-plane dimension of 3,3 in, (8.3 ecm) and an H-plane

43




dimension of 8,3 in. (21.2 cm). The H-plane taper length is 18,7 in, (47.5 ¢m),
with an E-plane taper length of 19.5 in. (49.5 cm). These dimensions yield a

theoretical gain of approximately 20.3 dB. Figure 15 illustrates the transmit horn,
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8
Figure 15, Transmitter Horn

Given the above horn aperture dimensions and uniform aperture excitation in
the E-plane and cosine aperture excitation in the H-plane (TE01 mode excitation
of waveguide feeding a flared horn), the theoretical azimuth 3-dB beamwidth is
approximately 19.30, and the theoretical elevation 3-dB beamwidth is 10.3°. The
theoretical azimuth mainlobe beamwidth is approximately 440, and the theoretical
elevation main lobe beamwidth is approximately 25. 8°. It is the azimuth direc-
tivity pattern which is of interest here, although the elevation directivity pattern
determines the multipath characteristics of the system., Figure 16 compares the
theoretical and experimental transmit directivity patterns, while Figure 17 illus-
trates the experimental elevation directivity pattern.

It is important to note that coupling between the transmit horn aperture and the
aperture of any given receive antenna element aperture (located directly below the
transmit horn) is approximately -85 dB. This coupling of transmitted power into

the receive antenna element apertures results in the characteristic main band

video at the start of range timing,

&,
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Sl DIAGNOGSTTIO PACITLITHES

Two continuously vartable output power ranges oy he selected; U-0 mWy o

DmWoto 2205 W, o addition, facilities have been provided Tor the svnthesis of o

Doppler offset frequency, ‘The myection of this syntherie Doppler signal anto the
teansmitter mixmg process enables efficient diagnostie testing of the recciver hard
wire and software. The Doppler frequencey is that of o target moving away from the
radar platfore at a speed of approximately 1L o mph (5, 11 m =) (0 Doppler fre-

quencey of =325 f0)

Fhe signal is created by the single sideband suppressed

carricr mixing of 32, Hyowith 60 MUz prior to the orthomode mane oF S0 N 4
with 9,30 GHr. o The 50 My and 325 Hey undergo phase cancellation noxing andg the

subsequent selection of the first lower sideband o this single sideband mnxang i
process. Phase cancellation mixing is the nly etTective simgle sidebond supprec =il
carrcier mixing technique availables The requeney separation of the fiest uppes
lower sidebands from the carrier (325 Hy) renders the design of the necessary side-
band tilter very difficult (iF not imipossible) for this application,

Ficure 18 illustrates the Doppler target simulator,  Note that the schemiate :ﬂ
itlustrates the selection of the first upper sideband,  sSelection of the first lower |
sideband s accomplished through the interchange of the G ports of the Hewletr - '
Packard Balanced mixers shown in the offset signal penerator section of the }
Doppler generator schematie, A simple Wein Bridge audio oscillator and amolitier
coraprise the 325-He simulated Doppler signal source, The power supplied o the - 9
orthomode mixer vs the saome Go03 dBmY whether i1 18 o pure 50=-MH2 sinusaotd o
a siusoidal s0-MBe plus Doppler sinusoid; thus, the signal level at the receiver
is invarviont to the selection of either maode, j

Selection of the mypected Doppler s accomplizshed by a switeh provided on the
fromt panel of the RE assembly (Transmitter Receidver Rack),  With the rador F
platiorm stationary, the aperator may select the imjpection of Deppler inte the 1rans- ‘
mitter signal; thus, o Doppler target moving at the velocity of interest (=11, 0 mph, '
=5, 14 m o s) s svnthesized, Phie stgnal may be directed at o convenient stationary
radar tacget for operational cheek of the receiver hardware and receiver opervating
software, rather than ottemiptiag the stmulation of this Doppler target through
appropriate motion of either the radar platform and or radar tavget,  The operation
of the receiver, with respect to range, muay be checked through the appropriate |

1
selection ol cither the low - or high~power runges of the transmitter, This mav be '

i
done with o without the synthesized Dappler target and the use of an appropriate i

stationary radar tyrget,
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Figure 18, Doppler Target Simulator

3.1.7 SUMMARY OF TRANSMITTER SPECIFICATIONS

a. Frequency Sources

1. Primary Frequency Source (crystal controlled)
Frequency: 9,35 GHz + 0.0025 percent
Power: 250 mW minto 1 W max, (tvpically 350 mW)
Harmonics: -45 dBe (min), (tvpically -65 dBe)
Spurious: -60 dBe (min)
Supply: +28 V dc at 1A
Unit is convection cooled

2. Secondary Frequency Source {(crystal controlled)
Frequency: 60 MHz £ 0,005 percent
Power: 800 mW (min) (typically 950 m\)

Harmonics: -20 dBe (min)

1708m +93aBm
3 6C Mz
RRPLT

RAHG ICHF
60




supphv: 28 Vo 2 percent Rogulation

Luit s convection cooled

Offset Dappler Test saurce

Wein Bridge Audiug Gserllate o

Frequencyv: 325 He, fess than 1 percent distoarton
Amplitude: tvpically L8 Vo peak to beak

Supplyv: +£15 V de

b, Pulse Characteristics (Pulse Generation, TUL Contralied)

1.

Pulse Generated by First Microwave PIN Diode saitch
Frequeney: @35 GHy

Pri: 1531 H=z

Pulse Width: 320 ns

Pulse Rise Time: D ns

Pulse Fall Time: 7 ns

Pulse Characteristies atter Filtering
Frequency: 9.41 GH»

Prf 1831 Hz

Pulse Width: 320 ns

Pulse Rise Time: 100 ns

Pulse Fall Time: 100 ns

Pulse Characteristics after Amplification and Action of Second

Aicrowave PIN Diode Switch
Frequencey: 9,041 Gliz
Pri: 1831 I~
Pulse Width: 266 ns
Pulse Rise Time: 6 ns

Pulse I'all Time: 8 ns

l.eading and Trailing edge porches no greater than 30 ns in duration

and at least =36 dB below pulsce peak power,

. Transmitter Emission Characteristics

1.

Signal {Pulsed CW)

Frequenev: 9,41 Ghiz

Prt: 1831 H»

Pulse Width: 266 ns

Pulse Rise Time: 6 ns

Pulse Fall Time: 8 ns

Occupied Bandwidth: 60 M2 (approx.)
Maximum Peak Power:s 22,5 W

Duty Cycle: 0.04 percent

Spurious: -40 dBce nunimum
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Asstising uniform aporture excitation, the reccive array produces o asrmuth
$~dld beamsidth o approsxanmtely 157 The caleuluted erght=element aziuth
dircetivity pattern and the experimental pattern are ustrated in Figure 22,0 The
cight ~element diveotivity battern was caleulated using the principle of antenna
pattern rudtiplication. e vebationship Tor the single-clement pattern wis ieulty-
plicd, potnt for peint, ith the cquivadent value of o pattern produced by cight
cqually spaced point seurcee radiators.  The normulized velutionship or array fie =

tor for eight equally spaced point sources is as follots:

sin (n, 2)
nsmle 2

n no. of elemoents

d oens oS
v

&0 tor uniformlyv excited point sources,
0ok mreosured fecmn the normal 1o the array face and

dr 2 o A 3. 188 em
A i e u] '

o

with 1,27 e, the element spaeing (center to center ol the receive clement s,
fach value of 1 oaebieved for oogiven s multiplied tor the same vilue of ‘ Loy,
achiceved for the single-eleswent pattern to vield el oe the carposite aaplitude
pattern, The P o =quared and the log to buse 10 taken tos develogurent o the
cight-clement commuth divecetiviny (posaer) pattern, Note that all pattern s shenlu-
Vions are normalized and referenccd to 0 dhB,

The above caleubations vield o chese approximastion to the nuture of the caght -

cletnent pattern, The correction of ohnse coud amplitude crrors, clerent by e

rent. is refeeenee to the frest channel ro cive eleraent,  This colthenro s
.

accomphished an the signsd processimy S the poen radar mfore e n b the i
and radar plattorm statienary, The o hbratien is perforsred on oy bus -,
Lo foore and oo o fleld testing sesstons (re-for to Pre=Tntealeratiors ot <, fra
woare sndd field restimyg sections of this o),

Polarreed an the hoctsontal divection (E-plane Dol Tel to roundd) the pocen

e s stuated dieectly belows the rronsoat horne AS vesult of thes coniaues -
Vian, crergy fron the toomsnnt hon couplos into vack recerve elenent ol Yeow )
SdD beloss the peak teamsmat power, This pesult= o the detvetion of an bane

videwoar the bhegmning 0 cange nenang,




RELATIVE POWER (dB)

Figure 22, Theoretical and Experimental Azimuth Power Pattern for
Receiver Fight-Flermont Array

3.2.2 RECEIVER FRONT FEND

Referring to the schematie in Figure 23, the recorved 9041 -GHy sienad s
mixed with the 9, 35-Glz 1.0 signal to produce a 50-7MHr intermediate Mvequency
(IF). The IF signal is then amplified, These two steps arve aceamplished mone
unit (RHG Model MDA 8-12 12A mixer preamplifier), The 1O power s depived
from the primary (9,35 GI7) rransmitter signal source, Power from this preireans
source is coupled at a level 0 dB below its cutput power,  This coupled power s
once again divided, cight wavs (through o Merrimax cight way poxer dividor,
Madel Number PDM 82-100), and one each of the cight power divider outputs 1=
supplied to the mixing stage of each of the cight receiver e preamplifiors,
Tvpically, the 1.0 power available to each of the receiver front end nixers is
11 mW or 10,4 dBm. The mixer ‘preamp requires 3 to 18 dBre of O power 1o
effect dependable mixing, and an Lo injection level 15 excess of 23 ABey wadl couse
damage to the double balanced mixer, Intermodulation products of stgnal and 1.
mixing are suppressed a minimum of 20 dB below that oUthe G0=AT T siensl,

The RE bandwidth of the mixer ‘preamp s 4 GHe, contered ot 10 GH L The T
bandwidth is tyvpically 16 MHy, centered at 50 Mz, The noise frgure o the
mixer preamp is tyvpically 11 dB. Alixer ‘preamp BE 1o TE guin i2 specitned 1o T

200 4B rmimum, With these specifications, the front-end signal sens=ifivity o=
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Witk the exception or chennedl 1) cach 1T stenal posaes through vt

et (=15 08 Noevotros Nodel ARNM DY that v nseeb e it s Co b 1

choanmee, e s o chonnel Tos divided imto v noo b, Cne ts saned
oo cmnli7ie s whose cutpur s ulten srely used oo nut ationiis S e g . F
chonneds oo msuee lmes s coneratihon ver the coamindo e rnnee 0 cvner S et s e -

Phie cthes S0 mout feesa Hinesr ceceave channe! Chin ta Bl 1o

he varable attenuators o chonnels 2 through 6 enable Loiancing 0 the=e e s

vith o resnect to channel 1o Coonpensation o the elenent siennds Dor sl
wran elements s aveomphished in the stanal processing, This calbibention e - J
dure s accomplished dailv to establish an antenna pittern noeasure ont brse line, |
{
|

as ot ell as toocampensate for changes i receiver component anerating choroc e

1Stices,

The division of pocer in chonnel Tenables the reshizathon of an unorthodox pan 5
control svstem. Unlike conventional AGC, the NEMRAD stepped gain controd pro- )
vides a broad but linear dynanae ronge, This s achieved theough o feed-tforaard :
control anproach, The signal derieed from the Togarithmic amptifier i channel 1
is amplitude sampled and converted to a d-bir digital code,  The digital amplitude
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ot tra e

formathon s transtormed in combinatorial logic into a 3-bit toggling code to
control programmable attenuators in cach of the eight lincar receive chunnels,

Sufficient tinme for switching and setthing of the attenuators is provided by
delaving the TF sicr 0 0,08 s with o long RG-08 coaxial cable, With a delay of
1.6 ns Bt (o) 20 s ), 360 10 (109, 7 ) of RG-38 provides the necessary 0058 s
delav, However, o constderable imsertion loss 15 associated with this 360 f1
(100, 7 ) coaxtal delay Tine, Toocompensate for the loss, the signal is preampli-
fled prior to msertion an the delay line,

In addition to toggling the switehable attenuators, the 3-bit switching code is
processed and provided to the systems logie interface, This information careies
real-time values of receiverd signal level,  In this fashion, the order of magnitude
of the received signad amplitudes aee presecved for later adjustment of the digitized
linear channel outputs,

The amplification of the received signal for gain control is accomplished
through o logarithmic amplifier, The signal is amplified and the logarithmic value
of the signal level is sampled and converted to the 4-hit digital amplitide code,
This enables the use of a 4-bit analog-to~digital converter for the first step in
generation of the 3-bit attencator switching commands,  The use of linear ampli-
Fication would require the use of an analog-to-digital converter of much greater
than 4 bits of dvnamic range.  Unfortunately, the required conversion speeds
constrain this portion of the design to A/D converters of 8-bits capacity or less,
The choice of 4 4-bit A/D converter also simplifies the design of conversion logic
for the generation of attenuator switching commands as well as the digital amplitude
information for later digital processing of the received signals.

Amplifiers following and preceding the switchable attenuators in each channel
serve as isolation amplifiers, The attenuators, during switching, are mismatched
to the 50-Q delav lines, In order to isolate reflected spurious power during atten-
uator switching, a stage of IF amplification has been inserted prior to the attenua-
tors, In addition, a stage of IF amplification following the attenuator isolates the
mismatch from the input of the I and Q mixers in each channel. These amplifiers
also compensate for component insertion losses throughout the receiver system, as
well as provide the required system gain,

Without the influence of this gain control syvstem, the dynamic range of the
receiver (per channel basis) would be only 48 dB.  This is derived [rom the 8 bits
of A D canversion capacity for either the T or Q sides of the eight channels, Each
toggling of a bit in the A /D converters corresponds to a doubling in signal level,
Hence, 8 bits of conversion multiplied by 6 dB of signal dynamic range per bit
vields 48 dW of dynamic range,

The a ‘ors extend this dynamic range by 42 dB for o total linear dynamic
range of 90 di, e attenuation occurs at the rate of 6 dB per step o 6 dB per bit
change on the switching command code, This operation is illustrated in Table 2,
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Fable 2,

[H Arrenuation as o bunctron of Boase 2

! et

lv\"{l!

Phoose 2 xpernern
Fotal Attenuation Steps Set (IF rrenunten

(113 (113) setehing corde)
Q Hotne 00
t [ 001
12 12 [{BYS)
18 12 & i 011
24 24 100
3 24 a6 101
34 24 & 12 H1o
42 29 a 12 a b 111

When the signal poser present at the npur toothe caner preas oS apoeon bes

=23 dRm, the operation of the switehab, - atremutors i= nuroe teally oeinne i A

atevel of -5 dBm of power incident on the anpuat e the reiser tiie

Drears
It is baportant to note that the 90-113

Iy

receiver will begin to saturate,

e raion bits are o ser by o

HNge assumes o nolse level sueh that no A

1= Tinenr s

The taotag] e

AGCY,

ather than the signat 5 interest,

ranee Cpese ]

Ihis cnables the siond

to logarithriic fepeountere:d with fos-dhack conteal,

processing that forms the NEFMBAD and Doppler fitters to bhe moplesented,

S0204 T BANDPASS CHARMCTERISTICOS AND DETPCOTION

G MOVING TARGH S
The three TF Prous funetie s s oaith regard to the

armphificrs serve v Pece

gain contreol svstem, In g biition, theis casenided bandpass chavacteristios boter -

T
T8 AT and g

mine the overall T8 bondonss charaeteristice, bandnuass i< con-

torod at 60 MH. with

cornposite 11

o =dl b beadth codlorT P30 AR e decn e,

The receiver TEF bandw iadth Foos B chesen to annpeesinnte the pocine ool oo

the pulse width (that is, 2% 1 296 s = 700 M), wineh i tura oSt

Ao onis

T ctecistic cnds crusideds

't
ST the O=XNH LT,

performance of a matehed filter, This % chior Lpor -

charaete st

AMne

mates o muatched filter churacteristie (that s, the o 100}

passes only those signial components withim 4 A - e
signal frequeney components are attenuated, resultiag o pulse spreading, This
would cause two consecutive pulses that are very cbose m o toe focverbap o e

indistinguishable as two unique pulses. This does ot

poseocr peoblers with s
to range determination, sinee the range af any given targcel 15 5 fanetion thy
associated target pulse position «ithan o given ranee bine This dictates the cnonoe




Gecuraey S the padiees This s opposed toocomtinuens range Actera inatie g ceeter -

coevd o the Tesding cdoe o received pulses Hoenee, ro e b esiists t Dl s v

H i (RIS T R

exact puisc chnraecteastios tooennblv sepnoendion o oldses o sine e IR

BRI PR AN AT SN B DR A TAR INE B § IS ANEARTAL b

tine nre of itmpertanee nlyowith respect to the
€ orscequentis . the VF bandpass chavacteristio s sufficienthv heond to preserve the
vross nature of oo recetved pulse and o set surticienthy neeros 0 banel Tt i
Chat 15, the masimization of SN s tantaonnt o the prescevation of exael pul=e
shape and the avoldance of mterpulse overlap e interferenee),

Information cocried by the recetved pulses (per channel) encorpisses ot onls
position intormation Goith respect 1o any given range hind but ceturn sienal mstun-
tuncous phase information as well, The division of sadar cunge into range hins,
and the timing of returned pulses with respecet to these range hins, enables the
extraction of target ranve informoation. However, phase discrimimation of the re-
turned sienal, with respect toothe transmit signal, is accomplished oo the oxtrne -
tion of instantancous torget signal phose information, This later phasce intorention
when compited to form oo tiiae bistory of phase differences for oo target of iterest,
constitutes mmforniation coneerning the Doappler frequencs of the tooger o imferes:
anel hence the target's radial velocity with respect to the NEAMRAD plattorn:.

The TF stgnal wrndecgoes quinteture cvixing woith the 50=NTH cervenee Dy ‘

s auadrature miving viclds sienal coagnitudes proportionng

the transmatter, L
the rectimgaular components U the signal vector o Cne preodhiet oF quedraturre INing
is proporticned to the oangnitude of the veal component 2 the sienal veote 0 Ty
otiver product is proportiona! o the magnstu fe of the tmggingey cors enent

sarne sionnl vector, In addition the positive o negative nature of the resd
Prngingry perts of the sional are determined. Heneol the auadetar somg

the 1 sionail avd 60-Niddy coeterence results inoanforn ation roegar Hng not onay 15
arinlitude of the recorved signal but knowledge of its corplex corponent oogonitnd
as wells Later processing of the component rraenitudes, on o per pulse boois
vields the instantancous phase difference with respeet to the transmitted s ol
Compilation of o time history of these phose differences enables caea: grenont
the tine rate of change of received signal phase, This is the definition o0 Docguenos
and is the Doppler frequency of the target,  The positiveness or negntivencss= of
complex component magnitude vields information on the positiveness or negativenes-
af the phase ditference, With the time history of positive o negstive phase i er -
ences, the sign of the tacget Doppler may be determined with successively mervens -
ing negative phase differences indicating a turget with relative velocity diverging
Feom the radar, aned a time history of successively inercasing positive phse ditfer -
ences indicating an approaching target,

The data processing of the target signal vector component= ot cnly sields 1=

get Doppler information but also enables the appropriate processing o coach chbanmel




output, careving information on the swme tavget, in order to fore the receive
antenna pattern null, This s covered in greater detail in Seetion 504,02 of this
report,

The T signal, after the attenuator post amnplification stage, 15 poter divided
and inserted at the G=XN ports of two Hewlett-Packard Double Balanced Mixers
(VDL L0534B), A 60-)M1z reference signal from the transmitter secondary signal
source is power divided through o Merrimae Quadrature Hybrid (Model QHS3-20),
This 60-MHHs reference signal is tyvpically of 500-mW power tevel, vielding approx-
imately 50 mW, after eight-way power division, of reference signal power into
cach of the eight quadrature hvbrids, In the quadrature hybreid, the 60-NMH7 veter-
ence signal is power divided, One portion is inserted divectly into the R=G port of
one of the model 103348 double balanced mixers,  The other portion of the 60-NH2
reference is phase delaved by 90" and provided to the R-G port of the remuaining
model TOH34R double balunced mixer,

The portion of the [F signal mixed with the unshifted 60-NHz reference pro-
duces a signal in phase with the 60-JMHz reference and with magnitude proportional
to the magnitude of the inphase component of the signal vector, This is designated
as the 717 component of the signal vector and is represented as the real component
of the signal vector an phase with the reference, The portion of the 1H signal mixed
with the phase-delaved 60=-ME7 reference signal produces an output in quadrature
with the 60-7AHz reference and with magnitude proportional to the quadrature com-
ponent of the signal vector, This signal (s degignated « s the Q companent «f the
signal vector and is represented as the ‘maginarv component of the signal vector
in quadrature phase relationship with respect to the reference signal,  Figure 24
illustrates this I and Q signal relationship with respect to the 60-MHz reference
vector,

Referring to Iigure 24, a time history of consecutive 1T and Q values, indicating
a change in & such that cach new & value is successively greater than the last and
changing in the positive direction, would indicate a positive tavget Doppler or target
motion on a radial path away tfrom the NFMRAD platform. The converse is true
for ¢ changing in the negative or clockwise direction.

There is conversion loss associated with the mixing process,  In addition, the
only mixing products of interest are the sun and difference frequencies. The
original input mixing frequencies and the intermodulation mixing products are of
no interest., To overcome these difficulties, both 1 and Q sides of cach ehanne]
possess amplification and filtering of the quadrature detection output, Filtering is
accomplished by virtue of the frequency response characteristics of components
following the quadrature mixers. The wideband amplifier (Datel MModel AM-1031)
following the mixers compensates for conversion loss in the mixing process,  The

gain of this amplificr is set to cqual the conversion lass of the poter division and
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Figure 24, Diagrans of Fand Q Outputs vith Respeet fo fleevenee Sponn Ve

mixing process (tvpieatby 8,0 dBY, The S-dit bonaan it Srees dovn e s estah-
lizhed by the chosen gain seftine, Goomoand boodeondth ob ceaerovastie < ot = devies
are coupled, By the selection of the aadeband oooohiier oo 80 1 ARt onple -
fiers 3-dB bandw idth is set ot roughly 1O NPy Phits oot by o nenaate s o
conversion losses but also altords attenuatron 0 aclD ovqiueoy sy coeipotlerit =S
above 10 NIy,

Further attenuation of unwanted high=frequeney coaoxang cecdiets Doy 100 AT
ts accomplished during the amplitude sampling oFf the conbhihied Foaoned Q sranals,
The response time of the sample and hold deviec (Datel dhpt Speesd Sarnbe el
Hold, Madel SHM-UID is such that the highest simuosoadal sionad srequency 1 oo
be securately quantized 1505 Mz (hat a0 aomaximun: sampling code o0 10 U
fromimun: required Nvquist eote toonecurately sample o oSN sinusoni] Y, A
sult, the 3-dD bundwidth of thes device 15 00 NH 2, thus, addhiona ] attenu e g o

nixing products above 10 My vs afforded, as ool as ottenud e oF corcey poecd e




between b and 10 MUy, Any remiining products of vaixing ahove o NH 2 e ores -
ent as neise riding the sumpled signal.

The LO-MEty sampling rate is sufficrentdy fast in order to saweple o Stonsl of
2-0MIE bundw dth, The signal bandw idth results feont o pulse tram of coughls
2 K7 prfoowith each pulse caveving mtortation of approstecdely Lok bondao i
(1 KH. cquals one-halt the untolded Doppler spectral bandwsadth, This boandprss -
sufficiently broad to preserve the approximate chatacters of each pulse (1 200 0.
3.8 MU2), This later characteristic mnimizes arpliude creor senerated Teon
off=peak sampling of individual pulses,

The sample signal Tor both | and Q channels of caceh of the clpht receive chin-
nels is converted to an 8-bit amplitude code an o pulse-to=pulae besis (Datel A D
Converter NModel VHE~1B2), The analog-to-dipital converter POSSCSSeS L AN,
conversion rate of 10 MH7 (5-2Hz conversion bandwidih), again providinge suflicien
conversion speed for a signal of 2-MH2z bandwidth,  This dicitad coplitude oo de vy

the eight 1 and Q ' airs is sent in parallel to the Radar Data Bultfer tor eventusd

transfer inte the array processor,

30200 SUNMMARY OF RECEIVER SPECHFICATIONS

-
L L

a. Prequency: 9,41 GHvy

b, Antenna

1. FHight sectorial horns flared inthe H-plane ondy, horieontabhy poloe e
forming an eight-clement receive nrrmn

2o Array 3-dB Beamaidih

O

e da

Flevation (H=plane): g
Azimuth (F-plane): 16"
7. Gain
Arrav: 20,0 dB (approx.)
Flementy 11,1 dB Gapprox.)
e Front End (Per Channel Basis)

L. 1O Source: 9050 GHy supplied from teomasnatter, tvpreally 11 -1y
power level

2. R Bandwidth: 1 GHe (centored g 10 GH) .
3. Maxitnur BRE Signal Power: 230 (., N

4. Minimum Discernable Signals <0, A

oo I Bandwidth:s 16 Nt-

ne RE 1O TE Gaine: 20 dB .
Ao T Seetion (Por Channel Basis) i

1. T Bandadrhe 8 My contered 5 TE Srcmmeno s b 4000 fer el
rolloft,

2, I requenes: w0 A,

S Goner v B Gppeon,) 1




Signal Detector (Per Channel Rasts)

1. QQuadrature Detecton

7. References a0 MNP frono teansaitter ot tvpread poser Tevel o 0 iy
I, Corne e Chiarnetersties (Poer hinnel Basis)

1. Danieste Range: 48 dB Caonhout vasn conteoh)

2, Dyvnane Range With Gain Control: 90 dB (no noise environmnent)
3, Gain Control: Referenced to channel 1, goan settings an G-dB

e rerents with fally automatico operation
1. Detected signal Bandwidth: 2=0H2 (approx,)
Doppler Bandwidth: 2 KHe {approx.) centered at 0 Doppler frequency
t Sienal information (on per pulse basis) transferved to Svstem Digital
logic Interface, Tand Q from each channed (relative amplitude only,
order of magnitude information obtained from gian control circuitey)
Amplitude Word: 8 bits
Order of Magnitude Word: 4 bits (base 2 notation)
7. Timing and Contrels Digital CTTL) origin

See Section 3 of report o complete discussion

L. Pattern Null Fornation, Doppler Filtering Processig, and Tareer
Detection aceomplished inDigital Signal Processmg of Digitieed Tand Q
Imformation (Sce Section o of this report)

h.  Schermatic o NFAMRAD RE Receiver Hardware, Figure 25

L RECEIVER DIGITAL HARDWARE

Receiver digital hardwore s tasked with the analog-to=-digital conversion of
fand Q detector outputs,  DigitadIy formatted dita s temporarily stored i snantissa
and exponent buiters, but ultinnerely transferved 1o an array processor in which
beas formatten and Deppler Dilberime takes place, Digital hardware utilized 1o
conve ctthe outputs U the Tand Q receiver to o format appropriate foroamput to an
arriny processor ool be discassed o the following sections,

A\ tunctienal descegption of recerver digital hardware will be presented to vield
m=tehtoanto the tashs required of cach drgmtal avaten, Aninput output approach
sl b used for explimation throughou the digad recorver hardw e discussion,
i e revte s U Barrdaare desipn tea }H]I((lu' TS ]»4')t-71(i e seope ol this report,
Pretecenee to Figure 20 shoa s that the receiver autornatie pain control hoordware
coatablrsbe s hase Zoexponent ahach s ultisrely tromsforred to the array processor,

Poone by, the bogorather oo chiannel T1E signal establishes the sienal attenuatim

Choeen DL st el b v contenl carcenrtey chanmels 2 throuagh 8 soealia
Cath e o e e e el ctteniab e adte roig I'/)'I’( ampoand ahse e
[T R Y PR SRS ETS S FRTCRNEINL S R RETTES KN RRESEEURE B Le SN FYR BVL W I BUPRY S TR S POt EE T EL SR B
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ottt I e et e e b e, L :
I attenuat o oy b o vereo o e e
ol bies cobeh cstab s arrenn o T R TN ¥
voilable e O a0 T2 oL S 2L see b o et
Vodtaee scealme rechaniscy mmstallod oo the b sions ] soet oot -

h

been derived,  Sealine mboroation cotitaenesd ot i e T e

control Lines serves as the S=bit boase 2 exponent, bor excoade, o0 1o b o

switehed into the TH signal path in Fioure 200 the T voltoee soubd b b 0 oo
)

halved again; therefore the scealimg Paotor rmust Do B (27, T ey i, S Y

attenuation, the scaling factor is ;’4, With threee comtrad Tie=, the res nr b, o
2 exponent obtainable is 7, corvespondine to 42 dBTE atrenuatnomg comrer 1l
attenuation oF 0 dId corresponding to 27 0 G senle Moot g iy, Sended D0
analog components are input toowide=-band aerphifers seen v brgure 2o b
samnpled for analog=to-digital (3 D) converson, Tioine o sequentia! oot
as cnalog saanple and pulse transmisston see under comtend o0 AN stern 1 e -
wore, A D eonversion s ot od unon sample and bbb outpur st e

AD converter dioitad output plus S-bit base 2 exponent sore ternooaneiy st o
montissa ood boase 2 exponent butfers, When deta bhulters aoe alled, the

Avtlheactic Processor (AMAP)

N pracessor is omtormmed o dato oo

tte e ace conteol Togie, Tonder sorray nroeessor conreol, the s - v
rom cadar tenporaey storaee theoueh da condditic g Toeae oo NAE o
"o hearns formation and Doppler nracessing,

The tunctional hurdw oo discusaton o R i T B A A X HE
seenle snd Pold cireuits, cnadoe=re-Hettal conversion, rodoas e butne o~
comverstong Togton and rondar peocreSssor nteryiaee,

LEONEMRAD D AMTL System Timing
NEMRAD PANM TT  svste st g brvtir ey b, i Ploure 2o Seauet os
)
| Pt fransntter aned cesenves et i (N oxae cple ) pulse fromsnaiss o i
o Pecelve ostonal saranline)d, SVATers b cireult oy consist s L=
Clonoicosc o, odlous B ey counte s, cand sense fooie Do deteer clite-

Terooutpurs,

Phoe trosar pulse corc s end CUATN BANG), SANDPL L cocmamds e e i

el S-bat oot =gt o v e te = CADCY, the rondne huter s rereey sbt
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Frreure 28, ADC B Toecowy signsds

control, The ROC conna 15 0 UL o canstible 0 s nosiive coang pud=e . L
rising and falling edges are used toolatc b ADC aurpet chano g THE butfer reprste e -
until SHIFT IN strobes output data o rhe Monti=sss Burffer describesdd S0 Sectio o
4.4 10 Fieht chimmnels, one Tand cne Q oo nent per channel, reqrive 1o 8-brt
ADC's. Eight=-bit SANMPLID core and rising odee initintes syvnchronous Sabl qond

ADC eveles Yorthe A D oonversie b are shownan Ploure 28,

1.1 Radar Data Butter

oo 8-bit cnamti=sas (D and Q conpenent ) 0 compune tion wothe s T=bit exoenont
define the aroplitude snd phose of cne chomnel vanee <aciples Pach channel o
cdhiviceebinto 1y roange sicaples separated o spoce by 190 00 (Lo 0, The o nontiass
storage buffer is Toaded under coanteal GF coedne svster 1 s cr oty i Ussed
in Section 4, 1. Following the lapse of o selectable ronge countes 1o itervad
(referenced oot O o Section 401),) svston finnng circutery hetntes the rocion
shere range sanples w1l be taken,s Sixteen sample and hold miodule s =i hronousin
respond to the minster timing §=-bit SANPLL comernd, bodho vine o b o= e,
1 CONVERT command i issucd too 1o A Dy untts, At the conclust o 0 D=
version,  eight data chunnels consisting of tvo 8=Dit cords pes chzmned Gre ceads
il

for loading into the radar montissa buffer, One S-Bit posanve hose CXDTen s

stored per range sample in hase 2 exponent stornge buffer,  Dota conresoenting e

range sample over eight channels consists of 1o 8=hit words stored o breverted

offset binary format (defined in Section 4, 20 D)0 plus one posative S=bat by

exponent,  bight digital T eorponents, plus edght digitad Q o o

Yottt e

RS




~vnchronousty eaded o parallel dnto the sanntissa butTer under the conteal o0 thae

thaster Thaany

Prcniteyv, The boose 2 esoonent s loaded o paralle]l poer vo b
Locodine oFf the roantrssa bufer o D-bit exponent per range binde The rmaantissn
aned expetent bueto s o s plersnentesb o ith LD Shile registers; thore oy e the Trest
range bin Lo oo s hanned will be rhe Plest panmee bin shitted our sohen unle ooded
It the ireay e cs=or,

A ddicerar eracring the prornd el Loashine of thie racdoe dias batfor s =hooon i
Figure 20, Phe datvn toad conanands, herealter coferred to as sHIF T IN commnmds
are peneeated by the radar system thning, The butfers sre cormpletely filled
follow ine the Tath SHIFT IN commneaed,

Data = multiplexed out of the rmantissa butter in o serial string o 206 g-hit
words, The unload buffer commaands or SHEFT OUT cornmands are under software
contral of the array processor (AMAP=-300) Input Output Sceroll (1OSY board, The
TOS boaed s the input output mtertace used to pass radar data to the array proces-
sor nieniory, Data contained in the nomtissa buffer s read out by coniponeny)
channel, und finally range bin, The pecking order of the data multiplexer s de-
picted in Table 50 The multiplexer strobes 16 words from one range bin and re-
cveles with a SHIFT OUT connnand to advance shift register data forsard tow ard

the multiplexer in Figure 24,

Table Ho AMantissua Butter Data Alultiplexer Pecking Order

Position
in Serial Signal Component Description
Waord Train (8-Bits Wide ot Output of Mantissa Butler)
1 Chanmel 1, 1 Component, Runge Bin 1
2 Channel 1.0 Q Component. Range Bl
3 Channel 20 1T Component) Range Bin 1
B Chunnel 20 Q Component, Ronee Bin 1
14 Channel 70 Q Component . Range Bin 1
15 Chunnel 8, 1 Component, Ronge Bin 1
16 Channet 8 Q Compaonent, Range Bin 1
17 Chonnel 1, 1 Cormponent) Range Bin 2
200 Chomel 8017 Component, Range Iin 1a
25 Chomnel 8, Q Component, Range Thin 1o

i
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The output data train is combined with o 3-bit base 2 exponent and directed
through format conversion hardware to insure radar data format corpatibihiy
with that of the array processor, Details of the format conversion hardware are

discussed in Section 4, 5.
4,4.1 DMANTISSA BUVFFER

Radar digital data is stored in shift register memory during the interpulsc
period until the radar initiates an array processor input cycele. The shift register
memory may be visualized as a data matrix built of 8-bit word clements, The
eight-channel receiver outputs an inphase and quadrature analog component per
channel. Sixteen analog range samples are taken at 267-ns intervals; therefore,
the data matrix is organized by row with regard to range cells and by column with
respect to channels. A data matrix is loaded into shift register memory following
every transmitted pulse. Anl and Q 8-bit word is loaded for 8 channels und 1o
range cells, generating a matrix of 16 range cell rows and 8 complex channel
columns (256 8-bit words)., The mantissa buffer shown in Figure 30 obtains input
data from Datel 8-bit A/D converters, The output from the data buffer is directed

into an array processor via Format Conversion lLogic,

Mantissa Buffer

Column 1 Column 2 e Column 8

Channel 1 Channel 2 Channel 8
Inphase Quadrature Inphase Quadrature .... Inphase Quadrature

ROW 1
RANGE | [8 bit]  [8bit] [sbit] [8bit] .... [gbit]
BIN 1
ROW 2

RANGE | [8bit] [8bit] [sbit] f[ebit] ...

BIN 2

W 1
g%:‘\z?s [8bit] [sbit] [8bit] [sbit] ...
N 16

Figure 30, Radar Receiver Mantissa Buffer (256 8-RBit Words)
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BASE 2 ENPONENT BUTFY ER
Foach o Do ranee Bins vs st b e nositive debat esimorent bt che -
deterizes the cffective godn o O chanmnels, TThe Sebat chpe nent e oney [ Y

ban Co rrmoe it the stepped abrenutors are e the autornate toode GF nerntion,

[f the step attenuators are operated in the manual code, the S=bit exponent will st
constant for 16 range bins. The exponent 1s stored in o shift register aeray 3 bits
wide and 10 range bins deep. The array input comes from conversion bogie Zollow -
ing the 4-bit A/D converter sampling the log of channel 1 1EF when in autormatic op-
cration.  The logarithm of the channel 1 1 signal is provided by an analog logarith-
mic amplifier. Channel 1 11 signal is split using an Isotee or power splitter, Half
of channel 1 11 signal power is used as input to the logarvithoaice wnplificr, The Tog
amplifier output ultimately determines the [V signal attenuation required for cight
channels. The remainder of channel 111 signal power is time delaved by utihizing
coax cable,  Channels 2 through 8 1F signal power is attenumted by 3 daB and delaved
in & fushion identical to channel 1, The Tog amplifier output is sampled nd con-
verted to o Jd=bit waord, The d=-bit A D output is converted to o d=bit TF attenuator
control word, whieh establishes the T sienal attenuation required in o1l cight
chamels and the base 2 exponent as o function of cange bin,  1ostablishing the
necessary [F attenuation requires time tor A D conversion, #-bit conver=ion, o
attenuator setting and stabilization,  Channels 1 threough 8 are deloved Sor the timg
required 1o establish ibe approprinte 1V signal watenuation, While i namuad oo -
tien, the d-hit AD ooutput s bypassed, qand the S-bit exponent i= horda i od oo

Toaded fotlowing cach d=bit SANPLI cornnand,

L5 Bata Format Comversion Lowe

Format conversion hordware trans=tforms the S=hit A D owrout sl =bar b
Zoesponent into o noemalized La=bit Slogtimg point data word, The Ta=bar ooy
point forraar i compatible with the fnput requirenionts oF the CSPLATA R s
processaor, Forrvaat conversion logice 'ollow s the output P the v e B
anltipleve s in Figure 240, Rador dota s transformed Droon the manty <= o
cxponent hurters theough data conditioning (Format conversion) Lopic and ot e
erahoprencessar, s Doata format conversion could have been poaplerented i o

¢

proceessar seftenreg bocrever, due to the pracess specd sogquioer s 0T e -

pernting envirom et s foreaadt oo Stan s necessary cranderoented gy
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Table 7. Sign Alaghitude Foroat

:\n‘.llng
Input Format Conversion Porouat Conversion
Vaoltage Input Frirst Stage cutput
(volts) Inverted Offset Binary Sign Magmitude
bit position bt position
76 5 4 3 21 0 Too6n  h o w21 o |
A [ S At ! i
S S oS S '
B B G B [ I
N
(17 (1(; (l:_) (,14 ({:1 (12 dl dO Mo Tt 0
-1.270 i1 1t 1 1t 111 ! r 1 1 1 1 1
-0, 640 1 100 0 00O 1 1 0 0o 0 0 0 o
-0.010 1 060 0 001 1 0 6 o0 0 0o ¢ |1
0. 000 1 000 0 00 O 1 00 000 o 0o
+0.010 0 111 1 11 1 o0 0 0 n 0 0 0 1
+0, ;40 0 100 0 00 O 0 1 0 0 0 0 0o o0
+1.270 00000001 | 0 11 1 1 1 1 1 ¥
+1.280 0 000 0 00 0 01111111J g
5
b
smag Mq !
A (1) T (10 mV) ¥ o2 my )
i:0
.
where ]
ysmag input voltage to 8-bit A/D
m,, M, ...Mm binary data bits
6 5 0 -
m. sign bit
4.5.3 8-BIT SIGN/NMAGNITUDE MANTISSA WITH POSITIVE 3-Bit &

BASE 2 EXPONENT CONVERSION TO 16-BIT FLOATING
POINT FORMAT WI'TH BASE 16 EXPONENT

The 12-bit radar data word is defined as shown in Table 8 Todlow ing the oo -
bination of sign magnitudce format and positive base 2 exponent, The A D input

voltage expressed (s seen ot output of sign magnitude Format conversion logie

after commbination with base 2 exponent) i terms defined by Table 895 seen by

Faq. (2).
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Chere

Np s derived from S L e, e Coa.
(AN R \ (IR - o 1 0

S s rhe sign ol the base 16 exponent,
!

It exp - 0, (S 0) then
"

o

exp e 1 : 0

exp < 0, (s 1) then e, o and e oare in 2's complement Jorm, Perfor, 20
[ -

1’ Q0
complement operation on Yo U and Co vielding q'_, (»'l, and r‘o; then
X (1ot s 2ot o !
exp (1(2 2ey t”).

H1, .12 Hex digits converted to base 10,
1BY Hex digit with 1.SB deleted converted to base 10,

Bit position for argumments of Eq. (3) are defined in Table @,

Table 90 MAP Base 16 Floating Point Half-Word Format

13it Position

1h 413 f12)rrjptrop « v 817 G oHt4a 3|2 1 0

9
N .
NN [ 7 Al i
G S S G S =
NIt BB B 3

| h” hl() h” h8 }17 h” h.") h4 h..; 112 h1 hO culea]vr]vo

Sy N i, H:; S Exponent i
ase 16
' Hex Mantissa B’H' !
| IIxponent
-
F.quation (3 voelotes the voltage observed by the NTAP to the hex compaonents .
clentified by Pable 9y >i
. B . . , . oy NAP
Fauatton (2 s not copnvalent to g, (3, The MAP defined voltage, \ ,
ettt VTGO Constant tultiplier,
1

. T 7 h ! )
VN e e MAT
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Fquation () adlows one to predict the AD cutput utilizing Table 0 NMAP hex
voltade representation, and the T attenuator settings x), X1 and Xg Foauation (4)

allows the canversion of NAP base 16 data to A D input voltage,

3
s b - , SN H, .
yoma -1 h 0 (10 l'n\‘)(ln ' ) l\’ o
(4x.)‘2x1‘x0) ltil‘
2 - k 1

Equation {(4) is useful when relating A 7D voltage input observattons to MA
voltage observations used in processing, Fquation (4) mayv also be used 1o insurse
A D linear operation by insuring that the input voltage specifications arce never
exceeded,

4.5.4 NORMALIZATION OF 16-BIT FILOATING POINT WoRD

The 16-bit data word is normalized in hardware to insure HU < 0 (unless 11
H2, and H3'  0), 1 hex shifts are required for normalizvation, the buse 1o expo-

nent is decremented accordingly,

L6 Input/Output Scroll (108) Interface

Discussion of the JOS interface will be developed primarvily around data and
control interface hardware, An event timing diagram is presented with relcrences
to RADAR 105 handshake control signals,  Itertice test hardaware is nresented
in addition to detailed discussion regarding real-time data status indicati oo, Dty
teansfer rates realized ave presented, and the data double butfering mput schene
implemented is discussed, Radar data is teansferred from the voadoes dota storige
buffer through format conversion logie and into an arras pProcessor undes contold
of the array processor interface board (1013),

4.6, 1 16-BI'T NORMALIZED FLOATING POINT WORD TRANSE R

FRONM RADAR TO IGS INTEREACKE

Real-time radar operational constr aints require all signal processing and data

transfers be completed within one interp: criod,  Datatransler rates must be
high to insure maxtmum signal pros in 0 The roddar 1OS interface and con-
version logic realize o 16-hit MA™ nowora ansfer in approximately 0,70 s

120 us is needed for 32-hit MAP full wored transfer (= 104 4=t transfor 128 AJAD

full words, = 540 45 per interpulse period),




4.6,2 RADAR MAP-300 [OS INTEREFACE CONTRCOT AND
TIMING SIGNALS (Figure 31, Tahle 1)

The array processor (IOS mterfaee) mbforess the vadion that the oS nes o oss
has started via signal JOSRUN,  Following aetivation 27 TOSEUN, the Tos date o0
informs the radar thot processing s complete and the TS = watimye Lo s
PATUSE control stenal. The radar responds to the processor datn requesr Dol s
the filling ot the cadar mantissa and exponent butfer dizcussed in Nectiog 3,04,
When the mantissa and exponent batfers are Pilled sith new ot the rocbo iny
the procvessor that data is ready by issuing the interface conteol sionnd € RIPAT S
The PATUSE sienal and CLRPAUSE 2ignals insure that the dotie tramsyers no
synchronized and new data s transteceeds PAUSE is active antil clesred by vl
that 15, the array processor must complete atl processing amd ot trans=rerss withon
one interpulse period, and must wait until eadar data is ceady, The TON then -
quests data, utilizing the leading odee of control stonal 1TGSINL Data mput reguest
is acknowledoed by radar, utilizing control stgnal TOSACE, ond the data s trans-
ferred (in handshake fashion) on the trailing edge o TOSING A total <7128 cormnnley
word transters takes place in 104 us, then processing s mitiated, Three contreald
lines were used ta monitor radar data integeity ol mm=ure that the NAP did no
drop a pulse by missing o data matrix, or transter data as the caodar data butter

was heing updated,
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Pagure 31, Radar [0S interfhee Conteal and Tivnme Stonals, Gl the oot oo
eant contes] and timing sienals are shown, o Active signal levels shooan L
acocurateiy rerfect mtertaee, Positive logie was used Bor disousst o0 Dl s




Fable 10, Redar (oS Interfaee Conteol soad Tirame Swenads
Active intertface topie levels are nor necessarily s shown

Lidoe

Nuniber Nine Clussification Noasige

1 fo st N MAP 1S intes faee control Screll s running

2 PAU ST AMAP Tos tterfuce control MADP waatine P g

N RADRBU BT D Radar tiniing Rodar mantissg and
exponent butferss stort
lend evele,

1 4 CLRPAUSE Radar interface control Falling edge of RAD-
BUFFL.D indicates
buffer Toad complete,
This cvent triggers
ClLRPAUSE Dmplvine
new data availabie,

5 [OSIN AMAP TOS interlaee control l.eading edoe of TOSIN
requests data transter
Frenn radar.

'

" ICSACK Radar interface confrol [eading edge of TOSACK !
| deknowledges data re- |
quest causing data
transfer on trailing

edge of TOSIN,

T TOSKRUN MAP 1OS interface control Radar to MAP data
transfer complete,
seroll is halted,

do.8 DATA STATUS INDICATOR

Three data status lines are provided under cadar control to indicate data integ-
vty NEAMRAD Doppler processing requires o constant time lapse from data group
toodata group; therefore, the loss of one pulse data group during a coherent process-
ing mterval is intolerables I the arrav processor requires more than one inter-
pulse period for beam foemation and Doppler Tilter processing, invalid data will be
transterred into the NAP,  The radar s tasked with monitoring data integrity and
reporting data status to MAP, Radar interface Togic monitors transfer contraol
stgnals and internal timing commands to determine data status, 1 the TOS requives
more than Hdh gs betueen dato requests. the radar hardware writes over data stored
in the radar butter,

Neww vdar clita saay beceore avialable ot the ADC output as the MAP transters

it under (OGS contec L In this Situation, new data o would B shitted i the namtyssa
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During the course of svstent nitialisamno, Pl VAL Drcccsacr s thsnel
averaging 5d pulse returns, After Gd pubses are praoed by the NTADD the Thepe st
voltuse maenitude Tram channet 1is chosen Seom the group o Beomnnee bin-.  The
range cell containing the Largest voltage armmplitude 15 the ranec coll contamng the
stationinry reflector used for channel 2 through 8 normmaelization. The range ccld
containing the reflector is fest determined, and then the cipht cornples aves
vollages chosen From the range coll containing the reflector aretran=tor: el 1ot
host mintcomputer,

These averaged voltages repreosent o planewave puarallel o the Gree 0t
cight =clement receive avrav,  This voltage data is used by OS02=50 s01tare 1o
caleulate an amplitude and phase correction Faetor, The softaare correction fhe -

tors are normalized te channel 1 (that is, the remaining seven chonnels are o -

ralized in phase and amphitude to channel 1), Onee the CSP =30 recerves theoanbe -

clemont voltage arvav, the CSP=30 solfuare coleulates antenna werght oo rrectnn
fetors normalized to channel 1, The cight-cleniont receive rrny Scattering
raateix and the aversge voltage array transterred to the host by the VAP e v
to determmine the antenna weight correction lfactors,

CSP-30 somware modifies AMTTand NEFAMBRAD beam=tornine oo ienen =

coeflect svstem channel gain and phose variations, and then fransters the oodified

L =forming coetlicients and the Dopplere filter coetTicients o the MAP processor,

The CSP=30 tunction during mitializvation is to supply the MAP with corrected bon
arng cooeltficients and Dopplee filtes cocificients (Doppler coefficion s nie ot

Cltered during initialization),

3.2 CSP RMAP 300 Real Thue Operation

I ceal-fice aperation, the ALYEP=300 APT 'S gre responstble o NATTT and

NEAMEBEAD beare=rornrition cateulations, Iyvpically, oo beann=rorr e cndondone o

N U

cocoanplex neoduets over cieht chinnelse The APUYs roee dso pnsked il Dopaloy
Siter caplementation, Pwo tdentics! Doopler filters sore vaopderientod woinban
VAR o it s G NEFATHRAD s cne s foos AN processano, oo ner e
ool Clter v soone ranee coll requives o nulse o tiens, s ce o ndess s bien -
tiomes coned oo ulrive st For oo single roonee ccll,
T 10 s restemsibde G s nster o pecvrves ot e b o i e NAR
G e s P HIINE L rsted ot the vramster o e cemsaeed b o s 0 VAR
. oot CSPP= 0 ey,

Vosirooar v o AT e d=tine umeticn s belrerae st grcuss 0 =i SRV e

cian e s e ot N STRDAD P ANTTEY B st a0 NE TRV VT T b

Gorce e sre e sl v o T the rnoda oot ot thie OS] - 0

single conge coll vould fnvolve eieht conr plex multimliearons oned 0 =uee o




CSP=30 resl=-risne processing functions consist of detection processing, proc-
cssed data recording, and driving o CRU displav, Under real-time operatimg con-
ditions, the CSP=30 signal processor s ahimost exclusivels utilized 1o record
processed NEPAMRAD and AMTT voltaee muagnitudes, and dati biteh status. Proce-
cused data is recorded to carteifile tape for more sophisticated detection process-

ing at o later time,  Detection processing is discussed in detadl in Seetion 6,24,

5.3 Maintenance Software
Maintenance software consists ol o group of progrins desipned to nid in
veceiver hardware troubleshooting and diagnosis. Using the wrray processor in

conjunction with the host mintcomputer and line peintev, hardware disgnosis sot-

wihre is used to insure that the eight-channel receiver is operational, 10 proble:
i= deteeted, maintenunee software is used us oo troubleshooting voeoll

AAP minintenance softwire caonsists of o stradeghtforaard transter of reccive:
deta frons the receiver into the host minicomputers AAP=300 maintenanee sart -
wore transfers one 128 complex word array of siedoare dataointo o block of NAP
sreciory . then the HIAD transters the entive block of unprocessed data inve €CSP-30
mierory, During syvstens maintenance, the AAP serves only s ooreeciver datn
unnel, No nuntericud processing responsibilities e placed on the WA P during
the maintenance node of operation,

CSP-30 maintenanee soltware consists of several programs, Cne prograg,
enfitled MDS (Mintmium Detectable Stenal) i< wreitten toorun atth the receiver i o
maintenanee configuration,  ‘Fhe funcetion oo this softeare 1= the senceation of on
['Crtransler charocteristic for cach receiver chimnel, Typically) Tow —pew e U
C\is coupled into cach chonnel o thie BE feont end, The RE cnerey phase snd

poser bevel is under controb of external tesr hrdware (phase shifter and wove

cubdhe aenuvator), Data b5 collectod over o crmoe of input pover Tovels foore sopnr o

aately -100 dBoc to =10 dBm, At the conclusion of the tost o cight 1oy curves o
;»:wm(‘ml, elnting receiver mput poerer tey attput nostoer voltioe,

A seceadd tdntemmee routine, entitled DETCHECK, =0 vritten tooenin in-
<ooht ainto rerciver cperation ith constant poseer input, Genesally) the recoiver
fnpuwt rens be BECW ot comstint phase aed poser, o noi=es Independent saeple =
o takern cevd cornapiled over o extendoed peviod P thane, and 0 histop o 1S pro-

dirnced s ing the nwraber of observatioms - oo funcetion S the outout coliaee

G-

satuede,  Arr exienple P this routine operation s s follow s With noostennd prosent
il i s present ot the catput o of the s e Wwonoting B el ADC dvne

Moe o consttned by the systenn podse, the dvnaoae vaniee Tost e tooncase s b




3.4 MAP Soltware

Reveating the MAD srehitecture Yor use o Seceti g
S1X processors within the MAP=300, @l o whbich cnerate
interface module (HINDY For cormnunication betaesn

the MAP-300, the | Oy soroll (JOR)Y Yor cooo unieat toan bora e

AAP-300, the centeal sienal processi

and controlline the other processaors,

ey unt
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i

r

the OS2 = 00 host

e

whieh run in parallel, and the addresser oroees=iue =crallh (AP
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The CSPU loads the APU with o progrea to deterniine wohieh ranee b o the

voadar data contains the greatest magnitude, and next foads the APS woith rbe arldress

ing program. The APS is stavted and the CSPU waits for the AP done floe t e

set (it was necessary to mtroduce additionad tiraing delay tooallow i

result to be placed in memary).,

The CSPU loads the HIM with a program to transter cight Tand Q valtages to
the CSP-30 host, The host uses this average voltage data 1o normalize the poan
and phase of channels 2 through 8 to channel 10 A cormplex norndization Yaoros
is calculated in the host by using the ecight~clemoent receiver arrav seattoering
matrix and the average voltage arvav transterred feonn the MAP, The noriaahizn -
tion factors are used toanoditsy the AMTE and NEANRAD boegro=rormine oo SHeent 5
resident in (CSP=30 core memory,

The CSPU loads the HIN with o prograr to transter the teoditied NEATRAD
beam-~forming cocltficients, or antenna weights (eight cormples fuerors), the oo~
iried AMTE intenna weights (eight complex ractors), the NFURAD Mter coctereny =
(85 complex factors), and the AMTI filter coclficients (b complox taetors) oo,
the host to the MAP, The CSPU waits for o host ready oo to be set to ablon s
host miachine to compute these guantities and place them in the correct host ner -
ory arca, When the CSPU senses that the host is ready, r stavts the HIN preoe -
essor, and the antenna weights are placed in identical & eniorsy areas on AMAP
Meniory Bus-2 and Bus~3,  The filter coefficients are ploced v ALAP Nemoan
Bus-1. After the data has been transterred to the MAP, the CSPU Tonds the oro, -
cessors for teal-time processing and then waits for anothes host rendy stennl b=

fore proceeding,  This completes svstem initialivation,

b 2 MAD REALSTIME PROCESSING

ssutaing thot the VAP has performacd svstenn mmadicat o ood s wtr 0
the Bost, all that s necessaey b begin redi=tinne proce aaing - Lo ha b 15 e
the Brost ready Plag, Cmee resl=tiine processinge hoas hegun, b boost ool by
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a.  Radar data beceame available during 10OS read (data the TOS read ans
invalid because as the TOS read data from the radar data buffer, the radar dats
buffer was bemg written over with new data),
L. The [0S was running o few microseconds behiind the sredae (i thins s
one pulse of radare data was dropped),
. Radar darta becomes available while the MAP was proce=ssing ond batoa
the 10N started running (at least one pulse of radar data was dropoed),
I no data status ervor or combination of creors oceureced ducing the C PHothe o P2
is satd to be valid,  For the purpesce of defimaies, the CPFoutout oo bine fw o ]
the status word is referved to as o bateh,

In order for NMAP processing 1o Feep up aworth the roedoe dotn, o s tecos-

tooenplov a double butfering input scheme and to bave oovers vty ot AP e -

gram, Some of the spectfic features which were necvess: Pl s
a hie Tos s tuened onand the rador dota, wbers sondn ) st e p g 1
MAT Merooey Bua-,
b Phe APL-APS s died o nrec e as dat o, s
Aoscen e the dara has heen teanstooerad D thie FOS s st e Loy b
(S N ! the AP cat o0 e ndhme Lot ne o= 1 '
oo e 1o s satchied o Mesncey Bus=-2 and onabled, anitino o T ness

oul=sc o doe s o whieh waldl secur before the APU hos tinistoesd srocessiag Baae =0 ot
o APrer the data has been transtereed to XMesvooey Bus=2 el tho Tos tarns 0

the C=P0 Sets oo tag to switeh the APU G nraces=s Bus -2 bt Irrhe A

Nnished Bus=3 aata, it continues to process Bus-5 dotoounted o os ougaln e r
whieh tinme 1 tnnediately beoms to process Bu==2 dato, 5o APE Jora o s d 4
Ihis=3 kot belore Bus=2 clatois cendy) 0 ser=an an wdbime 1wt oge e

Mo v seateh at o Bus-2 data, The TS s peadied cotes settons o AL e =20

tortransters vl date to Bus =30 The OSPU chec - AP E o 10 oy o o
APU Bos toashed wath the ddotg oo narticulnr soesgoe ! focinie the e~
te o prite thot dotn cvath cthes ondse o e e,
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flag was eleared by the APU belore turning off) to process another 65 pulses of
radar data,
5.4.3 MAP SOFTWARLE TEST MODE

If the host sends the MAP a mode word less than zero, the CSPU executes o
test program that does everything the real-time program dues except for the radar-
to-MAP data transfers.,  The MAP Bus-2 and Bus-3 memory locations used for
radar data are filled instead with simulated test data from the host machine, The
MAP performs all caleulations on this test data. The NMAP is now synchronized by
the data ¢ming From the host machine and will run at o much slower rate,

The host machine is tasked with simulating the vadar data muateix and trans-
ferring the test data to the MAP for beam formation and filter processindg, In the
Software Test Operating Mode, the MAP looks to the host for radar data, indepen-
dent of the operational status of the vadar. The simulated test data is gencrated
hased on simple target and clutter models,  The host caleulates o onew test matrx
on a simulated pulse-to~pulse basis,  The hast Tirst caleulates o test matrix, then
transfers the simulited data into the MAP,  As the MAP is processing stimulated
test data, the host also processes the simulatod test data in o fashion identical 1o
the MAP. When the host has completed processing of the test data, the MAP trans-
fers processed results back to the host,  The host then compares bhoth sets of
results and reports any significant errors to the operator. The next sequential
simulated data pulse is calculated by the host and transterred to the MAP,) and the
test process repeats until halted by the operator,

The Software Test Maode of Operation allows o check of the digital processmy

software and hardware independent of the operationnd status of the radar,

3.5 MAP300 Double Buitered Input

In o rigorous real=time roadioe operation, the time required to transfe s the
radar data plus the tinie requitred toonrocess the data must be less thon one ey -
pulse periad,  This constraint oy be loosened sorneahiat by neplementine o doabd
buffer mnp scherne,

Radar data is double butfered ot the mput o the NMAP=3000 Double Dutterimn:
alloa s ndditienal time for nrocessme duerine the roolo anteroulse bored, s ooty

b shosn, double butTering alloa s the neoces~me titae tooextend thies vehy thoe ot

transter mterval and extend boevond cne oterpul o el Rend =t Ssoltan
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input schene provides the additionad time necessary to cotnplete internulac
essing for noy pulses, while not dropping pulses due to APU exccuton speed e

tations,

T

A=

To quantitatively deternnne the additional available processing tinse due

double buffering the input data, refer to Figure 34, The tinie available o oo
time processing (p) without double buffering cquals the interpulse poviad (LPP)

minus the time requited to transfer one pulse of radar data (1), o

al-

p < I1PP-T . ()
The additional processing time per pulse due to the double bufferine input - hes o
may be found by the use of Figure 340 From the double butfered pat veoaee Ho-
cram in Ticure 34
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Subtracting the avartable processing ricce without double Butfferme tevos the nreee -
essing tinne available with doubde butferimg vields (Ha, (7Y sonus Fage (00 Fag. 81,

ot

St Additional process tirse due teodouble butlering

Py -
CPI

At e T s (o)

Fhe nrocessine tirme camed by double buffering made veal=trene posabde = b
MAP-500, Doubte bultering sllow od the Processig tir et Dree o odod Bt ol
transter interfval plus o feaetion of the processing thee avadloble arhout b
butfering (pY. The Peaction of podecrenses as the CPL e reasess Phe e o0 o
preovessing trepeevement as the CPHapproaches intfiniry 1= T,
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Figure 35,

Radar Van Installation with Generator
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Froure 39, Base Plate Shocks

. 1.3 ENHANCED RADAR TARGLTS
5.1.3. 1 Pickup'Corner Reflector Combination Target

The enhanced radar target utilized in moving target experiments described in
Section f, 2.4 consisted of a large corner reflector mounted on the passenger side
of a six-passenger pickup (sce Figure 42), The corner reflector is depicted in
Ficure 43, A technician riding in the radar target vehicle insured that the target
vehicle was positioned broadside to the radar van as the two vehicles traverse
taxiwavs "Ravtheon and "Whiskev'” shown in Figure 48, This was accomplished by
the use of a boresight mounted adjacent to the large target corner reflector, A
spotlight mounted above the radar van receive array served as an optical alignment

aid for usce with the boresight,
Hho1.3.2 Flat Plate Refleetor

The 12-in., (30, o-cm) square rlat metal plate shown in Figure 44 was tripod
mounted and used for system nitialization,  An optical alignment procedure insured
broadside flat plate positioning, A light source held adjacent to the rifle scope seen
in Figure 44 was used to insure broadside tlat plate alignment relative to the receive
arrayv face, The experimental layout for svstem initialization is similar to that
shown in Figure 45, Approximately 203 ft (89,3 m) from the radar van, a series
of metal plates canted skyward were dispersed to break up the specular multi-

path component, Figure 45 shows the flat plate 450 1t (137 m) awayv from the radar
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Figure 43, Corner Reflector

van used as a target for two-way antenna pattern measurements or for system
initialization. Typically, the flat plate or corner reflector (Section 6. 1. 3. 1) would be
used as a stationary target for antenna pattern measurements or system initializa~
tion. Due to the fact that the corner reflector provided a substantially larger radar
cross section over a broader beamwidth, the corner reflector was used as a target

most often.

6.2 Field Tests

NFMRAD {AMTI} field testing was divided into four separate phases., Phase 1
of field testing yielded two-way antenna patterns for the experimental radar svstem.
Phase 2 consisted of experimentally verifying Doppler filter performance. A
Doppler filter transfer characteristic was obtained with the radar position held
constant measuring radar performance for converging and diverging targets tra-
versing the radar main beam. In phase 3, target detection theshold voltages were

determined. After target detection thresholds were established, phase 4 involved
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moving target data collection in an effort to establish the probability of detection
(Pd) for NFMRAD processing and conventional ANMTI processing.

The discussion that follows will clarify the experimental details involved with
generation of the data described above,  Conditions in which the experimental
antenna patterns, filter characteristics, target thresholds, and I’d curves were

obtained will be discussed.

o201 MEASUREMENT OF TWe -WAY ANTENNA PATTERNS

[ TN e T b e Pt Cas w oy the peneration of the antenna patterns

Sl

Several e o s caauren ent technigues vere tried betore a final
scheme was adepted Tor antenn. pattern generaton, Initially, with the radar van
stationary, a flat plate reflector was moved mosimuth at constant range. Paltern
data was accumulated and stored on tape. Typically, the target was moved 2% in
azimuth, realigned optically with respect to the radar van receive array, and
pattern data was recorded on tape., The cyele would repeat from 0" 1t 180" bearing
angle, An antenna pattern measurement consumed 4 hours; therefore, the measure-
ment scheme was modified. The modified measurement scheme involved maoving
the receive array with respect to a stationary passive tlat plate or corner reflector,

The modified scheme involved displacing the radar van in azimuth and holding
the reflector stationarv., igures 45 and 44 depict the experimental Tayvout atilized
when transmit/receive patterns were measured,  The van and receive arrav would
advance 2 in azimuth and stop, pattern data was recorded on magnetic tape, the
truck would then be positioned forward 2, and the cvele repeated, This modified

antenna pattern measurement scheme was not without drawbacks, however,

’ M i
4 o ! a~ < : ."
_J¢ L _ o 7 vl
7/~ T 7/

Figure 46, TI'ield Site Used for Antenna Pattern Measurements (Side View)

There was concern the van would move outside the beamwidth of the stationary
reflector, A second concern was multipath interference due to the low reflector
and recciver arrayv height., The terrain over which pattern data was collected was
not flat, which lead to concern over vertical beam deflection as two-way patterns

were measured. When advancing the van over unlevel conerete, the reflector
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height would stay constant; however, as the truck advanced through arc, the rela-
tive height and tilt of the antenna array face with respect to the stationary reflector
surface would vary slightly, The reflector illumination would vary due to multipath
lobes formed in the beam; therefore, the pattern measured would typically be a
composite of an antenna pattern generated primarily by radar azimuthal position
but modulated by radar vertical displacement. The passive reflector was located
at a range of approximately 450 ft (137 m). The van was driven in a tight turning arc.
The radar van was displaced radially approximately 10 ft (3 m) from the reflector
as data was collected over azimuth bearing angles of 44° through 136°, The receive
array displacement parallel to the reflector was approximately 17 ft (£5.2 m)
referenced to broadside of the reflector. Every 8" of arc, the flat plate was
optically aligned and the multipath reflector wall x'epositi'cmod. Flat plate height
rélative to the ground was 4,3 ft (1,37 m)., Height of the receive/transmit antenna
arrav was 8,5 ft (2,37 m). (When using the corner reflector shown in Figure 43

for making pattern measurements, it was not necessary to adjust reflector position
as the radar van advaced through are. The reflected power variation due to the

van displacement was less than 1 dB.) The illuminated multipath patch of earth

was masked as seen in Figure 45, The earth surface between the radar van and
target was not prefectly flat, which presented a problem when trying to accurately
ascertain the ground patceh significantly contributing to multipath interference, A
shotgun approach was adopted and a large ground pateh was masked, using long
metal reflectors canted skyvward and X-band absorber material,

Single-element patterns were measured for each of the eight-receiver channels,
Two-way patterns, measured as deseribed above, were obtained by uniformily
weighting each receive channel and summing over the eight-element arvav to form
one composite pattern (hereatter referred to as the ANMTI pattern),  Finally, cach

receive channel was weighted to form the NFMRAD pattern,  Theoretical and

experimental patterns arve presented in Seetions 7,1 and 7, 2, Patterns previously

discussed in Section 6,2, 1 are referenced in Chapter 7 as ANMTI and NFMRAD.
Tvypically, antenna patterns were measured using common real-time operating
software with modified antenna weights and Doppler filter coefficients, For exam-
ple, tomeasure an antenna pattern for channel 1, the following software modilica-
tions are required.  Channel 1 antenna weight is set to 14j0; weights for channels 2
through 8 are set to 0470, Doppler filter coefficients are modified to form a de
pass filter, or all 65 filter coelficients are uniformly weighted to 1. 65470, The
resulting software zeros channets 2 through 8 receiver data and sums the weighted
receiver data over all eight channels.  After 65 pulses, an average channel 1
receiver output is generated tor use as data in channel 1 single-element antenna

pattern,




Similarly, to generate an AMTI antenna pattern, antenna weights in cach
channel are set to 178+j0. Doppler filter coefficients are uniformly weighted ro
form a de pass filter just as in the single-element pattern,

One additional concern is the requirement for the eight-receiver channel 1T O
characteristies to appear uniform in phase and amplitude from channel to channel;
all phase path lengths and gains must be uniform channel to ehannel,  In practice,
this constraint is not realized; therefore, the receiver channels are normalized in
to insure channel uniformity before each series of measurements.  The channel
weight correction is a soltware normalization of channels 2 through 8 to channel 1,
Refore data is collected for processing, a channel normalization takes place within
the software, Specifically, the gain and phase of all receiver channels are normal -
ized to channel 1. A corrvection fuctor for cach chanmel is caleulated based on
receiver response to an incident planewave parallel to the cight-clement arrav
aperture,  The correction factor assures channel to channel uniformity by modify -
ing cach channel weight approximately, and assumes linear time mvariant receiver
operation,  Betore radar data is collected for processing, the channel normativa-
tion procedure is performed,

A flat plate or corner reflector is used as the sional source i the noroiadn -
tion procedure, A reflector 1s set normal to the receiver arrav and aligned
optically, A multipath wall is constructed over an appropriate ground patceh, Dats
is accumulated to determine gain and phase ditterences of each channel, and then
the channels are normalized to channel 1, Antenna weights arve modified by the
appropriate correction tactors, and the normalization procedure s complete,

To ecalculate an antenna patter, generally several (5 to 15) records of data
were obtained per azimuth bearing angle,  For the purpose of svstem term defini-
tion, one record consists of 60 data bitehes,  One data bateh is output foliowing the

processing of 65 received pulses over which the coherent processing interval

extends, Fvery data bateh contains processed data resulting from two vadar proc-
essing techniques operating on a common radar data base,  In the case of normal
real-time radar operation, NFMRAD and AMTI processing would be implesiented;
consequently, the batch output would consist of NFMBEAD and ANMTT processcd data,
In addition to processed output data, the data bateh also contains a bareh status .
work indicator, This status word is an indication of data validity (that s, did the

MAP processing stay ahead of the radar or was data lost over the so-pulse coberens E
processing interval?, I a data pulse was dropped or written over, or if the MAD 'i
ran "barely behind” the radar during the coherent processing interval, the status g
word indicates the integrity of each processing interval, Fyvery data batoh s x
written to cartrifile tape in groups of 60, Sixty batches make up o record,  In 1
normal cadar operation, one data bateh consists of 16 NIFAMRAD range bin words

(one voltage magnitude per range bin, no phase information) followed by Vi ANTL




vange bin magnitudes,  The rinal word in the data bateh serial string is the status
word, Table 12 depicts the contents of one tape cecord during normal resl~time
radar operation, Generally, several records were averaged per bearing angle or
velocity to obtain an antenna pattern or Doppler filter characteristic. A record is
constructed of 1980 words or 40 batches, and is defined for normal radar operation

as shown in Table 12,

Table 12, Tupe Record
Obtained during normal
real-time radar operation

NEARAD voltage magnitude, range bin 1, bateh i
NEFMRAD voltage muapnitude, range bin 2 bateh 1

NEFAMBAD voltage magnitude, range bin 1i, bateh 1

AMTI viltage magnitude, range bin 1, bateh 1
AMTT voltage magnitude, rang. bin 2 bateh )
ANITY voltage magnitude, range bin i, bateh 1

STATUS word indicutor 65 pulse interval, bateh 1
NEFMRAD voltage magnitude, range bin 1, buatch 2

ANTI voltage magnitude, range bin 1o, hateb 2
STATUS word indicator 63 pulse interval, buteh 2
NEMRAD voltage magnitude, range bin 1, bateh 3

AMTI voltage magnitude, range bin 15, bateh 60
STATUS word indicator 65 pulse interval, bateh w0

Ho 2.2 MEASUREMUENT OF DOPPLUR FIHETER CHARACTERISTION

Measurements were made in an effort tao verify digital Donpler filter pertorim-

ance, Theoretical filter characteristic is shownan Section 7.3, Figure o2, Pore
a radar moving platform speed of 32 mph (14,3 1 's), the 3 dB bandpass velocities
extend from 7.75 miph (3.47 m ') diverging thecugh B omph (6020 m <) diverging,
with a peak centered around 11,25 mph (H. 03 1m0 <), Bandrejeet velocities oxtend

from approximately 4 mph (1,79 1 8) converging to 4 mph (1, T4om <),
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One recocd estends over o0 coberent nrocessing intervals (60 pulses per anter -
vall, An averace of Upulse is lost ahen oo bateh ouwtout s teansterred from the
MAP=300 10 CPS=-30 mimcomputer for tape storave,  Approxtmately 3900 pulses
are transeiitted durimg one record st o ool of 18315 therefore, approximatels
2000 s expire during the acoumulatior o ome record, The problen, of prultinath
was vt Lddressed when measuring Doppler NDilter data, The change i tarpet bedebt
roebaove toothe codae s also assured toobe neghigible (due toothe shorr dhistone

teg sclod over e record and the apparent "hioness of the suriiee trave oseady,
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Figure 48, Field Site Used to Determine NEFMRAD [AMTI) Threshold Voltawes
and NFMERAD {AMTU} P, Curves (Top View)

only 1f the radar van had reached v X belore passing the cransmitter tower shouan in
; . !

Figure 48, Tvyvpically, 10 records were accumulated per joss down taxiway Whiskey,

The pass length extended for 1015 £t (309, 4 m) and took approximately 22 5, Due

to the roughness of the taxin oy runway intersection, data collection was terminated
before the mtersection, The offort to obtain data starting position repeatability e
driven by the need to have data from pass to pass velated on o bateh=to-bateh,
record-to-record basts (that is, bateh 1, recard 1, of pass 1 was measurcd over-

looking the same terrain as bateh 1, record 1 of pass 2). This constraint was
tmpesed by the analvsis method emploved when caleutating taveet thresholds ond
P, curves,
d
Samples were gatherved inan effort to obtain a data base with sufficient informa-
tion to insure false alarm rates as low as 1in 24 K, Approximately 2,4 % 10

samples were collected for the threshold data hase,

Y




Three separate analyvses for determining target thresholds were implemented,
Fach scheme utilized a common data basce for threshold caloulation,  The receiver
detection threshold voltage 15 chosen to aehieve the desired falge alarm probability,
P..

fa

receiver gain and noise level drift; however, for analysis, the system was assumed

The false alarm probability of method 1 and method 2 may vary as the

time invariant, DMethod 3 utilizes a constant false alarm rate (CFAR) average;
therefore, uniform drift in receiver gain and noise levels are of little consequence
to the detection process (drift does affect system performance by causing channels
to, not be unitform),

Method 1 involved compiling, sorting, and tabulating range bin voltage duata,
and forming a histogram, Histograms were ncceessary for AMTI and NFMRAD
data; theretore, two separate histograms were formed and separate thresholds
were obtained.  All range bins were lumped into one common data group, vielding
a histogram containing 16« R- B- P samples where R total number of records per
pass, B total number of batches per record, and P - total number of data collec -
tion passes. There are 860 NFMRAD {AMTI} voltage magnitudes contained within
one record after lumping every NFMRAD [AMTI} range sample together, A sin-
gle pass down taxiway Whiskey vields 9600 NFAMRAD {AMTI} voltage samples,
assuming 10 valid records, To achieve talse alarm rates of [ in 10“, 1050 aatu
collection passes are required, Clearly, so many Whiskey data runs is outside
practical limits., A total of 105 passes are required to obtain sufficient data to
insure false alarta rates of 1in 10°, This figure was determined to be bevond
tolerable hardware limits: therefore, in the interest of all concerned, 25 passes
were run to develop the voltage threshold data base, 240 K samples were collected,
vielding a false alarm rate of 1 in 24 K. The data contained within this data base
is filtered radar data; cach batch represents one coherent processing intervil,

One might argue that since each voltage magnitude represents o weighted sunima-
tion of 65 voltages, the false alarm rate should be 1 in 1, 56 N 10“ imstead of 1an
24 K.

Target thresholds are determined for NFMRAD {AMTI} by sclecting voltages
with magnifudes sufficiently large to realize the desived false alarm rate,  Since
no target is present, anv voltage above the threshold voltage chosen should be con-

sidered a false alarm. Tvpically, NFMRAD {AMTI) voltage thresholds,
NFMRAD ARMTI
vy (Ph) {Vt (Ph)}, are specified given a probability of false alarm P for
example, a NIFMRAD false alarm rate of 1 in 1(]“ vields o threshold voltage written
NEFMRAD
as Voo (1070,
The second method implemented for threshold selection is a maodified version

of the first, Data is grouped on a range bin basis, forming 16 histograms tor

NIFAMRAD and 16 histograms for ANTIL,  Sixteen threshold voltages are chosen tor

PO
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NEFMRAD {AMTI} detection processing, resulting in one threshold voltage per

range bin,  The threshold selection scheme is similar to that deseribed carlier,
The signiticant ditfference in this scheme is the reduction is e lative sive of avail-
able threshold data base,  The gain of method 2 s a spatially localized threshold
level,  Thresholds derived from method 2 are referenced using ¢ s index, for
exammple, range bin 2, NEFMRAD probability of false alar:, P,‘,‘ 1ll-‘:‘ oy e
written as

NEMRAD NEAMRAD,

'm_;‘ H’,:l) \"(3) (1077)

\

AMethod 3 emplovs o forerr of CEFAR averaee, or a crven NFAMRAD (AN
EYIPN TN

dat bateh, 16 samiples are averaged od multiplied by o constant o
ALt
[ booresulime o oa barteh depondent threshaold
NEVERAD RSN
\’ (~, o) 2\ (x, )}

Seporsate NEARAD AN U ovndues e venquired, boalony CEARD o vhpng,
NIEAAThAD AT

detection processing 15 performed, I the theeshold value, A (LI A T A
NEFMBEATHmM AN

1= Jeess than any range bit voltage noeniude : N ’ N R R BT R ER N

i= Jes~ than any ronge bit voltage snaennude, \ B B(K) (x) Y ('1!:1\:: s K a

. th . -
15 counted in the corresponding K range bin,  This nrocedure s repeated every
R+ B« P batehes,  The nuimber ol false alarms is caleulated following the conelusien
of R+ B- P batcehes, 1 the number of false qlarms is targer than the number of

VEAMBRAD ANT . . .
n\l MRAI and ox\l I arc incremented, and the averaseing

false alavrms specitied,
continues until an o is established that produces the desived false alarm cate (given
the constraint of data base size limitation). The caleulated o values are used te
determine the probability of detection when operating on the moving target data
hiase. The CFAR averaging and threshold decisions are performied utilizing data
thut contains both backeround terrain and target data, After coleulation o for o
diven l’i.v,, a P,} curve is caleulated utilizing a separate daty basce contaimmng the

'*nwh;ln('r.'ri moving target,
Bo2o4 NEARADY (AN P, DETERNMNINATION

The map of Figure 48 indicates taxiway Whiskey utilizoed in Section o

Target Detection Threshold Voltage Determination, is also uscd in Section o, 2, 4,
Duata collected tor determinmg detection probability was gathered by using two
moving vehicles,  Inaddition to the radar van traversing taxiwey Whiskev, an
electraomagnetically enhanced target vehicle travels Roavtheon taxiway in the dirce-
tion shown,  Radar moving platform velocity, Vo caquals 32 mph (L3 10 5), as o

Section 6, 2.3 testing: however, Section .2, 4 differs from Scection G.2,3 w1 that an

e ol



cnhanced tacget vehicie fravels broadsid  to the v enntoe plad o o \" ot
St aph (oo 5 v 2) (see Figure A48 o velovity direct w=), Runtboon toeay
1T diverging angle is such that target codial vedocity (\‘r) 1S approst Lt

L1, 25 mph (5,03 ¢ <), the conter trequency of Doppler rilter pasasband,

Data collection begins after the radar van passes taxiw oy Whtsikey trans ey
tower if the moving platform veloeity (v“) and target radial velocity (\'l_) are
achieved before passing transmitter tower and the target vehiele possition is broad-
side to eight-element receive arvay mounted on moving plattorm,  The target posi-
tion was aligned optically with respect to the moving platfornm cight-elerment
receive array.

Typically, v, was achieved before reaching the transmitter tower,  Shortiy
thereafter, the moving target position was aligned followed by stabilization of v
If v, was realized before passing the transmitter tower, data collection was
initiated and continued until moving plattorm approached runway 235 of Figure 48,
Radio communications were establiszhed between the moving radar platform and
target vehicle to insure experimental coordination. An optical borve sight align-
ment technique was implemented i he target vehicle to insure proper broadside
target positioning., A bore sight mounted in the target vehicle was usced for broad-
side target alignment in conjunction with o narrow-beam light source mounted on
the moving radar platform. An obscrver riding adjacent to the large corner
reflector mounted on the target vehicle monitored broadside target vosition,

Verbal feedback from passenger position monitor to target vehicle driver was
utilized in conjunction with radio communications to the moving platform. In sum-
mary, verbal and optical feedback coupled with nighttime testing made for a some-
what oscillatory (overshoot /undershoot) target position and velocity control. These
experimental errors were due to accuracy limitations of vehicle speedometer
readings, coupled with optical and verbal velocity and position control, However,
velocity variations of Ve (v[_ deviations related to fluctuations in Vi Vo and bear-
ing angle #) fall within the 3-dB Doppler passband characteristic of Figure 32, The
theoretical NFMRAD and AMTI patterns of Figures 51 and 50 indicate NFAIRAD
performance is more sensitive to target position fluctuation at broadside than is
AMTI, due to the forward canter of the NFMRAD main beam.

Real-time software used in Section 6, 2,4 measurements was identical to soft -
ware used in Section 6, 2. 3; however, the significant difference is the presence of
an enhanced moving target traversing Ravtheon taxiway broadside to radar moving
platform,

Data accumulated pass to pass is again considered to be related bateh to bateh,
record to record (as in Section 15, 2,3), Approximately 25 passes were made down
taxiway Whiskey, collecting data in Section 6, 2.4 testing,  Analyvsis of moving targe

data base toward the caleulation of I’r valunes for NFMRAD and ANTT was ample-

1
mented as described in the foliowing discussion,
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Section 6.2, 4 data collected teaversing taxiway Wihiskev was caompiled by
grouping data batches as a functior of taxiway Whiskev position i x, as shown in
Figure 19, For purposes of this data analvsis discussion, et

P = data collection passes 25

B = data batches per tape record 60

R = records accumulated per data collection pass 10

K = range bins mmvolved i detection processing

SE o= distance scale factor

po= nteger data collection pass mdex where 1< p< P

b = mteger bateh index where 1< b« B

= ttegar record tndex ot here b oro< P

X = normalized Whiskey taxiway postion where 0« X< 1

X = Whiskev taxiway positi m celative 1o transimit toser where 0« x o S

k = imteger ange ban oandex '
STATWD = data bateh status s ord

NEFAMRAD ANMTH

Vi (P IV gt 00 = NEMRAD (AMTH threshold voltaee e A o
P,
i}
P = probability  f false alurm

NEFMRAD()  AMTIHM

vR]l(k)(X) {VP“;E; P2 NEFMBAD JAMTH ranec bin voltaee soaenituds
! shere e ke Kand 1< pe 7,
NEFMBAD ANITI
Pd (x, Ph) {Pd (x, Ph)} = NEFMRAD (AN} probability of desection s
function of Wheskey taxiaav position and prec b
abthity of false alarm
“\}‘ MRAD {nAl\l l l} = CFAR veal coefficients
NFAMRAD ANMTI
V‘ (x, p) {V} (x, P} = CFAR batch dependent voltage threshold
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or at X(1, 1), 1 500 total taxiway pass has been completed. At b Band ¢ R,

X Wb oY KB, R ‘rf%%g} 1

or a X(B, R) total taxiway pass has been completed.  For any Whiskey position,

X(b, r}, P data batches are used to calculate Pd(i). The p!h batch specified at X

NFMRAD .
contains 16 NFMRAD voltage magnitudes, VRB(k) , L6 AMTI voltage magnitudes,
AMTI
vHH(k)' and 1 batch status word, STATWD, The status word is used onlv to insure

data integrity; STATWD is not used in detection processing., 1f STATWD indicates
batch data is invalid, batch data is not processed.  If the pth data batch at x(b, r) is i
valid, detection processing ts performed over K NFMRAD range bins and K AMTI
range bins, Three separate detection procedures are implemented in an effort to
determine Pd(x) sensitivity to the detection procedure utilizved,  Target threshold
NI'MRAD AMTI
voltages, V, (l’m) and Vt “)(:1)‘ established as o funetion of P in Section
., 2.3 testing, are used in detection processing implemented in Section 6, 2, 4.
Three separate detection methods were implemented as follows,

NFMRAD ANMTI
Method 1, described in Section 6, 2,3 vields v, (!’h) and V' (l’h). Given
probability of false alarm, P, one NEFMRAD threshold and one AMTT threshold
voltage are produced tollowing methaod 1 detection threeshold analvsis,

NEFRARAD AMTH

Method 1 detection processing utilived \'t (P',,l) {\'l (l’“)) to ultimuately
NEFMRAD AMT
calculate Pd {P:l : }as o function of moving platform taxiway Whiskey
NEFMBAD ANTI
position x(b, r). NEFMRAD {/\TI\H} probabitity of detection P(f “)i } .
for a specified probability of false alarm l".‘ at taxiwav position x(b, r) mayv be |
i !
written as ;i
|
NFMRAD NEFMBAD  ANTI ANTL ;
. b : . > - >
Pd(x(b. r)Pm) byx, l’r”) [P (xth, r), I’m\ Patx, Pt I
‘t
NIMEAD |

A tvpical analysis to evaluate l’d(x, l’,.v') at xt o ox(bh') ') and l’,.’ I’,.' trollows:
‘ . o
Given:
b, ! (establishes taxiway position on W hiskey as x")

I’h' (establishes probability of false alacon

x(b', r') s equivalent to P data D atches collected o xt,




NEFAMRAD(D) NEMBAD
ot -\ > 1) for . e . k « K : n
RB(k)(x ) \t (1 (i ) for anv k such that 1 < Kand p 1, thena

single target hit 1s counted,

NEATRA D)) NEFMRAD
v (x") REAY (. ") for all K such that 1 < k< Kund p 1, then no
REB(R) t I

hit s counted,

v

Puss counter p is mcremented and the detection procedure s repeated for

pooo2.3,4, .. P-1 Po Following detection processing conclusion at xéb', x'), the
total nurmber o hits over P onasses are totaled, A target 15 assuniod nresent o

NUP oS, ot bt court ot wt s divided by P opasses to obtan peobeteiee

NEVRAD NEFAIRAD
R R R S O U O PR UL R SN AN S| Veornl S o b ¥ i,
Pl s i s vl Cver the cntiee WisRes oy e e e s
AN
Dol Do oie b s heceed tecsdeutnte BN B,
NE G RAD LA
Nethioed 20 deseribod o Neetion o, 2,80 vields \"(‘r;)l}" ) \-'(?:\H)I'.‘) !
L= k<« Ko Guven PO i thresiodd voltages are produced to s NEPMRAD {AN T
NIEAITRAD S ANTI NEATR A
. ol 2 Hectie s s youti! R > ’ > I .
Method 2 ol fion pr ssie utihize \1“\_)(} h) {\t(‘,-;)“ !'.1)‘ il \“]m\)(x)

ANTELG) NEARAD ANIT]

(AN X [S RGN " ate: X . X o W e - N . e e s
\l{]-‘,(k)(\) b to ealeulat Pd(k)(\‘ l’m) {l’d(m(\, I [“H vhere 1] K; gencrally
K ld, In sunuvary, Section 6, 2.3 method 2 analyvsis vields K NFMRAD thresh-

olds and K AMTI thresholds, The results from method 2 analysis vield K
NEMRAD (AMTLY \‘d curves for a single P‘.,1 value; generally, one pair of Pd
curves per range bin,  Method 2 processing yvields K l’d curve pairs, or one
NEFMRAD AMTI curve pair per range cell for specified Pl.,].

Method 1 detection processing analvsis vields one composite NFAIRAD ANMTI
curve pair per Pfu'

NEMRAD

Method 2 analvsis to evaluate Pd(k)(x’ Pt'a) for range cell 1 fotlows, Determine

NEMRAD

NEMRBRAD probability of detection at x x', P p k1. Obtain Vt(l)“)h')

t
’ fa fa’
from method 2 voltage threshold detection analvsis,
NEFMRAD(p) NENRAD
F o\ ] - > Vpes Mo taroet 1= declarod o 1
Ity IIB(I)(X ) \t(l)“ . Y where p 1, then a target s declared tor rangs
bin 1, on pass 1,
NENIRAD(p) NEFMRAD
It \'l\,”(“(x') < Vt(l)“)l'n') where po 1, then no target 15 recorded tor pass
I, range bin 1, at xt, P!‘." Pass counter p is incremented and the detection pro-
cedure stated above is repeated for p 2,34, ..., P-1, PP, Fallowing P detection
calculation decisions, the total number of vange bin 1 tarvget hits ot x', l’r Uas
it

summed, IF target was known to be p,oosent in range bin 1, ot s assumed present

for P taxiwav passes,  The total number of target hits divided by P vields




NFMRAD
Pd“)(x', Ph')A If target was known to be outside range cell 1, all target hits are

counted as false alarms, and a Ph curve is calculated.
The total number of samples taken for range cell 1 equals 65 R B P/16, Let

total samples taken for kth range cell equal sample To calculate false alarm

tot®

probability, total false alarm count is divided by sample The procedure out-

tot®

or P, calculated at x' only. To generate entire curve over
d fa y g

X, X must vary over entire taxiway, or from 0 through SF,
Method 3 described in Section 6. 2,4 vields ol\PMRAD a

lined above yields P
nd ‘YAMTI
These o values are used in implementing a form of CFAR averaging, Typically,

NFMRAD(pD)  AMTI(p)
} is multiplied by the average of Vg (%) Vipag ™!

iven P,_.
g fa

, NF'MBRAD

{ 'AI\ITI
¢

where 1 <k < K over P passes, The resultant product is treated as a batch-
dependent threshold voltage, To calculate NFMRAD batch~dependent threshold

NEFMEAD(p)
V, (b, P.):
te fa

NEMRAD()  NFMRAD K NFMRAD(p)

7 & .

Vi (b P S Z Vepw®
k-1

where p - 1,2 3, ,.,,P, The batch-dependent threshold was treated in method 3
detection analysis as in method 1. A single composite curve pair is generated

given Ph' and 16 curve pairs are generated in a fashion similar to method 2,

7. EXPERIMENTAL RESULTS AND CONCLUSIONS

7.1 Fwo-Way Antenna Patterns

T.1.1 UNIFORMLY WEIGHTED ANTENNA PATTERN

The antenna pattern shown in Figure 50 was measured as desceribed in Section
Hh.2. 1, FPigure 30 depicts the two=way experimental antenna pattern with cross-
hatches, and the theoretical pattern with a solid line,  Experimental pattern data
was collected over bearing angles ranging from 447 1o 130", Fxperimental error
m azimuth resolution was estimated 1o be less than 29, The experimental pattern
shown is averaged over many tens of data batches, or each erosshatch represents
an avernge of several data records.  The theoretical nulls at 68 and 112% were
contributed by the transmit pattern; however, the forward null at 58" and the alt

) . PR . .. -
null at 1127 were not experimentally veritied, as seen in Figure 50,

1in
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Figure 50, AMTI Two-Wav Azimuth Pattern
(Theoretical and Experimental)

7.1.2 NFMRAD ANTENNA PATTERN

The antenna pattern shown in Figure 51 was measured as described in Seetion
6.2.1. Figure 51, like Vigure 50, depicts the experimental two-way antenna pat-
tern with crosshatches, and the tiheoretical pattern with a solid line,

The experimental NFMRAD pattern shows the most serious problem encoun-
tered thus far during field testing, Results indicate the experimental NFMRAD
{AMTI1} radar is unable to synthesize a broad antenna pattern null,  Theoretically,
the NFMRAD null should extend from approximately 104 to 118" however, this
broad null has thus far not been obtained. Narrow -45 dB nulls have been meas -
ured; however, they generally are not repeatable, For the NFMRAD processing
scheme to realize performance improvement over AMTI processing, the 149
antenna pattern null is esgential, A solution to this problem is now being imple-
mented,

The minicomputer software is being madified to include an adaptive beani -
forming rlgorithm, Beam-forming coefficients will be dyvnamically updated and the

null will be formed adaptivelv.
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7.2 Doppler Filter Characteristics

Uhe Doppler filter characteristio], shown i Figure 52, was mieasured ns o=
sceribed in Section 6, 2,20 Fixperimental filter data was collected cver o ranee of
target velocities from 32 mph (14,3 m s) convereing (0 32 mph (14,3 m =) diveeg-
ing. PThe experimental data outside the bandstop bandpass region of the filter

characteristic is approximately 1o dB higher than the theoretical response,

7.3 Threshold Voltage Determination

Data deseribed in Section 6,23 was abtained for determining appropriate
target thresholds as a function of false alarm rate: however, our inability to
realize o broad repeatable antenna null insured the collected data was inadequate

to prove the NEFMRBRAD concept, ‘

T b Receiver /O Characteristic

Figure 53 shows a tvpical recciver 1O characteristio, RE power varving ’

from =06 dBm to =26 dBm was fed to each of the ectght receiver channels,  The

recciver output voltage was measured, using the 8MAD and CSP1 processors, s [
typreal characteristic exhibits a linear vecorver dynamie range of approximately l
n A, The recetver theoretical dyvnaemic range (assuming no nose) 1= 90 dB, As .

I
Secnan Section 700, netse due to the RE front end may consume up to o bits or ;‘
FOAB of dyvaare ranges Generally, 24 dB oF recerver dyvnamic range 1~ constised !

By the mean noise voltage,
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7.5 Receiver Noise Histogram

Figure 54 is a typical histogram of receiver channel noise. The noise ampli-
tude was calculated for 1000 complex independent voltage samples,  One may
approximate the number of bits consumed by receiver noise using Figure 54, For
worst-case analysis, assume the noise voltage is equal the Q voltage component,
and the I voltage component is zero, The mean noise voltage over all eight channels
was caleulated to be 80 mV.  ADC input sensitivity of 10 mV /change of ADC output
state; therefore, eight changes of state occur at the output of the ADC. Thus, the
mean noise voltage consumes 4 bits of the ADC dynamic range (worst case). From
Figure 54, a noise magnitude of 200 mV occurred 10 times out of 1000 samples o
1 percent of the total number of samples,  Worst-case analvsis of this case vields
20 changes of ADC output state or 3 ADC bits mayv be consumed by receilver nojse

(7 mantissa bits total given a constant base 2 exponent),

ry
I8
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Figure 34, Recciver Noise Histoprasm

A noise histogram, generated using mteger D and Q vollage cormbonentsa, ol
contain voids around 1, 5 und 4, 5 N 10_: V. Phis apparent ccobless comerns the
histogram generation algorithm and the quantized voltave data, noa the s1atist e ol
nature of the noise data, For an explanation, let n be the notse voltaee manomtud.

ol

120




chere Dand Q ve st sora, Then the cose wbore oy« e 2 el 4 0 =
et engst e any amteeerr Doond Qo eorianar ey The s erete e G T aunnt s e

Couses N the

Distograoos seavch and Sort alearytnn are the

voltare dara and st
foceiving aise st by oy !
i
7.6 Preliminary Conclustons and Futie Ditection 1
PHUS Tar,  me Ve Secnl that 0 s et e s Gy o it dorn nrono (s
e e =0 R e e W e v et e Tl
Gt et Db ek ossued SRSES PR AP SN TR A i BINAN
AN S Cone explonoon o our exgeee el o e " .
b b null rooy e i the seeuraey fo b e s e IEERC.
Ko n e 50 oshen s thee sensHiviey o nald denth oo : SRS IES
v orhee Seatte e onateiy, Wit velonively RN NS
audi berveon 104 ot 10n T panidly nlla, s terl b=
3
oS 10 s . o Cancohedo char . ST S L SR S O
et reoen o s e vnrt, It seen 2 o rensonable i [ R A 1
R R T TR U RIS P R L TR I YRR R L RSV S AU L I SNSRI IVRT L SURNED R ATURE SN SURTIN
(R [ i Tt - i Peoraoam T ‘!
N T . IR
. ' B R TR AR v \
L i . o ot I
VoS, N : TN s T TRy o e

s ond Depnder T

St st oo,y

nrovedy

el o

oo e wdequate, Tapically, the © U g
.

al digits when coppared over as long s 3 bours,

come by

able o
thye uinur oo

CGoenesshiv, arres 3 bours o7 operation, de deint svould he sensed
amnels. The proble:mn was cornounded by Lavine 1

[0 AR A TS ST A R AR R A
T 0 v oonents o check and calibsoes Pollowine coribearion, ol ! o

to dovedo oo

ot Trert 2 stens ol s




RELATIVE POWER LEVEL (dB)

Firoure
ANult e

0
gt

Y.

on of Reeetve

[ G

Pattern,

100 1o 120 130
AZIMUTH ANGLE (DEG)

Frfect of Unifoorenly Distributed Brreor in the Seattering Matrix o thee

Forrors indicated are maxtmun: percent er:or




References

Gooeims. WL B, Jre., Shetten, €L, and Holt) oS, (1074 New oo neepts g
ANTI radar: Nulling effect of Doppler Filter ncultielesent hoen areny,
Microwave J. 17(No, 12033,

Brown, Dr. Gary S,, and Curry, Willicen Jo (1970 An Anulvtical Study o
Wave Propagation Through Folinge, RADC-TR-T9-350,

Cherrey, DUKL, and Tseng, oL, (1865) Gain optimization for arbitrary antenna
arravs, [EEE Tr. AP AP-13(No. 6):873,

Drane, . J., Jro, and Mclvenna, J. F, (1269 Gain Maximization and Controlled
Null Placement Simultancously Achieved in Aerial Arrav Patterns,
ALCRT.-60-0257, AD

Goggins, W, RB., Jr., and schindler, J, K, (1974) Processing for Maximur
Signal-to-Clutter in AMTI Radars, pp. 15-21, AVCRIL-TR-74-0577,
AD

Collin and Zucker, eds, (1969 Antenna Theory, Part I, NMceGraw Hill,
pp. 421-430,




Appendix A

Complex Recursive Infinite Impulse Response i
(IR} Digital Filters

Al. FILTER SPECIFICATIONS AND NORMALIZED REAL
LOW-PASS FILTER DERIGN

It is desired to design digital filters that have a single passband or & single
stopband in the frequency interval -1 f < Q=1 f where f'P is the pulse repetition
freguency.  Except for the special cases where the passhands or the stopbands arc
centered at de, it will be necessary to use filters whose transter functions are
complex,

For anv particular design, the following specitications are needed:

(1) Passband (or stopbaned) extend o, < o <

1 = .
(2y TUpper bound »n ripple in the passband

re

(3 Filter discerimination (ratio of maximuin signal power passed te axirany
signal power in the reject region)

(4) Rolloff or rate of transition from the pass regions to the resect rogions of
the filter

(3) Filter response time

(1) sampling period (T 1, !‘P),
Two methods were used to develop desired IR digital bandpass and bandstop

filters, The first method proceeds as for

FHECEDING PAGE BLANK-NOT FIiMED




et 0 < w, = w <= w, be the desired passband (or stopband). Using the design

1

procedures desceribed by Gold and Rader,

- l WP i EPINE] N B 1 . A
frequencies Ry <A wan and <

are defined by the relations

o, U
1 l
o tan (~—r———0
Al 2
oyl
' _—_—
"\ 1 =
. STy
AN o
-
A 2 '
Based on the specitications of ripple in the pussband, siiscrpination, and roli-

e . . , .. Al
off rate, the nomographs described in Christian and tisenoann deternie sult-

able filter tvpes (that is, Butterworth, Chebychef!, e Caver), wnd for cus B tvpe
the associated voltage transfer loss tunction, H(S), S L+ 10 that will meet the
specitications in a normalized lowpass filter, A plot of a typical power transter
loss function AGQ) 10 1(>g10{ II(jQ)!2 for a normalized lowpass lilter {s shown

in Figure Al, The quantity Am'w is the maximum attenuation in the passband and

is a measure of the ripple in the passband. Amin is the minimum attenuntion in
the reject region, and hence the difference Amin - Aqu is a measure of the filter
as

discrimination. The frequency ﬂg is related to the rolloff rate and, in particular,
the quantity (© - 1)/2 is the ratio of the width of the transition region at one edge
il

of the passband to the tull width (-1 = © < 1) of the passband. The tables in

Christian and Fisenmann® = specify the voltage transfer loss function A(S) by tab-

ulating the veros Qo L UL of H(s) (sce Pigure Al)

Fhe voltage transfere function F(S) for the normalized lowpass filter is given by

... and poles Q

F(S) - LSy .

Filters with o single passband or a single stopband can be generatea from the
same normalized lowpass filter by means of well known transformations described
in the next section,

Al. Gold, B., and Rader (1969) Digital Processing of Signals, MceGraw Hill,
New York.,

A2, Christian and Eisenmann (1966) Filter Design Tables and Graphs, John Wiley
and Sons, New York,
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Figure Al, Power Tronster Loss Function for o Caver
CO04n Tvpe Filter

A2 TRANSFER FUNCTIONS FOR SINGLE PASSBAND
COMPLEN FILTERS

The transformation

‘)
L
S : = Stooat gt
5'(u‘}\.) - w“\l) ’

converts the normalized lowpass filter into a baicdpass filter with voltage transfer

function

I:l)P(S’) - b

and symmetrical passbands

O‘u"'l\l_‘u'fu"[\

i




and

“Wan T W= _u:‘\l « 0
and will be denoted by B and -B respectively,

In carryving out the present design procedure, 1t will be necessary eventually
to identify the roots and poles of I-‘hp(S'). The voltage transfer function F(S) for
the normalized lowpass filter is ordinarily presceribed by means of its roots and
poles, and it is advisable 1o transform this function factor by factor in order to b
able to determine the roots and poles of I"hP(S'). Thus each factor S5 - S otrans-

forms into a rational fraction as follows:

S - s - )
o St

where

i
N R St \/l(‘*'}\z At

1™
oo

SAL A2
and
p=0.

Since Fbp(S') is real on the real axis, its roots and poles will ocecur in conju-
gate pairs, and the behavior of the filter in the region ' > 0 that contains the pass-
band B will be due primarily to those roots and poles that lie in the upper half-plane,
Conversely, the behavior of the filter in the region o' < 0 that contains the passband
-B will be due primarily to the roots and poles of ]-“)I)(S') that lie in the lower half-
plane,

Discarding the roots and poles of 1"1”)(5') that lie in the lower half-plane creates
a complex voltage transfer function that represents a filter with only the single
passband B, Conversely, discarding the roots and poles in the upper half-plane
results in a complex voltage transfer function that represents a filter with only the
single passband -B.

This method can be used to generate a single passband filter, provided that the
passband does not overlap «' = 0. If ' - 0 is overlapped and u‘A,-, -u“/\ 1 then o
single real lowpass filter will be sufficient. The case where o 0 is overlapped

and w'A‘) # ‘w}\l will be discussed later,




The single passband filter can be normalized in different ways, resulting in
several different forms (see Iigure A2)., The form shown in Figure 2(b) has been

normalized to the average value in the passband,

¢ Al “a2
Qa8 — -t t ~:— - — - W
| |
i |
| |
\ | (o) REAL LOWPASS FILTER
-40d8 e i Bl o A
| |
{ I
| |
]
NdB — W
|
|
i
1 bl COMPLE x SINGL E
! STOPBANG FILTER
-40dB !
|
i
i
l)
0aB 3
(c) ASYMME TRICAL
SINGL £ BAND L OWPASS
FLTER
-4008 ~ z — A —

IFigure A2, Power Transfer Functions of Filters Used to Realize an
Asyvmmetrical Single-Band Lowpass Filter, ilter (a) cascaded with
filter (b) produces filter (o)

A3, TRANSFER FUNCTIONS FOR SINGLE STOPBAND
COMPLEX FILTERS

The transformation

Qi T W

BELANE \ AL .
L"\l “’J/\'(_’ 2SN

st

converts the normalized lowpass Filte r with voltage traasfor function 1) into o

bandstop filter with veltage transfer function

PP




P (.\.I\’ ; - A ,A__,,,'\ .
" \J\\‘*y> <07

and syvmimetrical stopbands B and =13,

As with the bandpass filters, ot is desived to Glentin the roots and e ies of
Fl (SY, and to this end it 1s advisabic to transform the voltage trom= s oo
35

F(S) factor by factor in order to determine the roots and poles of 3y, Thus

b

cach factor 8 -5 transforms mto o rational fraction as follo s,
(8]

4 -

S oW (5! —r")(.\" —r-)
SN - p ST - D) )
where

+ &28(«0}\2 - ‘*'1\1) {o, o ' ’
r —_—5— ¢ e e KL AR v
o (25}~ . B )

t .
PRI /WA v

The zeros and poles of l~‘h\_(S‘) will as before occur in conjueate pairs, and the

.

behavior of this filter in the regions o' > 0 which contains the stopband B ois due

principally to the roots and poles that lie in the upper half-plane, Also, the be-

havior of the filter in the region o' < 0 which contains the stopband =B s due prine -

ipally to the roots and poles that lie in the lower half-planc,

Discarding the lower hatf-plane roots and poles in f~" ASY) creates oocomples
AR

voltage transfer function with only the one stopband B, Converscly, discardimy the t
roots and poles of I-'hS(S') that Tie in the upper half-plane creates o comptex voltaee "
transfer function with only the one stopband -1, !
This procedure can be applied as long as the desired stopband does not e lude {i
00 IF the desired stopband contains o' 0 and the mterval is svinmete with !
respect to w0, then a real lowstop filter will be the solution,  The desion of ?
filters for asvimmetrical intervals including of O s discussed below, )‘
|

!




At TRANSEFER FUNCTIONS FOR SPECEAL CASES

k e e N « Oy .- R i . ' s ' '
NSt “ v, - O and | 5 -1 then =y u, . "\ 0, < -
the snteevad 1 oorven by ""\l -~ sVt e ol el coaprans ) O i

Proure AN, The transfor tanes

can be penerared by onubnipiving the toanstor funorr oy e b e s s
Dussbied =00 e U N Py e et e e e e s B e
IR L 2 SO U PR SR R, oot . \'\, [ I P IR W B B DU A SO DL N S T
Do b ot e O L B N A T R I T FE S U I N [ IR PR t
[EETANRE SURRANINE S A [SETIRN TR IR t [ R AR A tooton —_— '
Tia f it [EVRRT | [FE S S Vi 1ot “ : e o gty . by - R
[ i vy
L) —~ P -
s
/
1
}
4048 ar Rt L UWSTOR B TER
0B ————— oA B

by COMPUEX SINGLE
40 a8 STOPBAND F'{ TER

“an 0 va2
[o]. :} f—#k’ -
- 1 -
(C AYTMME TRIC A,
SINGLE BANL  OWSTOR
4048 i FUTER 7

Figure A3, Power Transfor Functions of baltees 1 osodd

tor Realtze an Asvinrmctreal Single<Band Taoooston Falver
Filter (O cascaded warh fibber (8 produces fitey (0)

1wy >0, o

inteeval T given by “:j/\l < ot g‘"\ [

1S asvenrsetriead and o contioane (,
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A, DIGETAL FILTER REALIZATION

Whether bandpass or bandstop, each of the voltage transfer functions of the
single-band filters created by the methods deseribed above is of the form of o
ratio of polynomials in SY, the coefficients in general, being complex,  The gen-
erating function G(2) for producing the digital realization of a given voltage trans-

fer function F(SY) is obtained by means of the transformation

.\‘1

Fhis transformation maps the imaginary axis i the ST plane onto the boundaey of
the nnit cirele in the 4 plane, In particular, it maps the poimts 87
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Appendix B

Complex Nonrecursive Finite [mpulse Response
FIR Digitar Fiiters "v
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B2, MODIFICATTIONS TO PRODUCE COMPLEN FILTER AND
CANCADING

T acehteve o complex single passband filter Cf the tvpe needod Yor NEATRAD),
real Towpass FIR filter of the desired bandwidth and diserirmation 15 desoomneed ond
then rotated in the » plane to position the passband ot the desived comer Fooguenos,
For a single stopband Alter, o real Toavnass FIR Sher b s reocot region bas thee
desived stopbund width is designed and then rotated in the Z oo by the oo oy
necessary to locate the stopband at the desived conter frequency, The 7 nlion
cotation needed for the siopbund filter is essentially that whiclh oo rresponds 1o th
frequency difference between half the pulse repetition frequeney (orf 2) and the
Doppler ctutter frequencey ot the center of the antenas trans: i bearns,

The action of wn n-pomnt bandpass FIR filter, together with an n-nomt bandstop
FIR filter, can be achieved by cascading to form oosingle (2rn-1) podnt FIR Dilter,
For FIR filters with no 1o, 33, or 85, the responsc tie I far Tess than e i
HER Nhers deseribed carbier, Forthis renson, coscaded PIROMAbors were use G0
all subxeqguent mmvestigations,

[N the work that folloaws, PR filters nre aesionstod see peding o the e fosion,

Figure B shows the desion of & 35 -point IR boandpass 2 ith 5 peants 1 s bansdnn =

el 2 transition points, 11 and T2, The desionation code B this Dilver, F Pi-1-2,

ansbates s follors:
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Figure Bl.
BP33-3-2 FIR Filter

TRANS'T.ON VALUES

NP=33

sSpecification of Filter Response Values for a

Table Bl shows some of the filters that were used in the theoretical investiga-

.lons associated with NFMRAD.

Table Bl1.

FIR Filters Used in NFMRAD Investigation

Bandpass Filters

Bandstop Filters

BPl15-1-1
BP33-1-1
BP33-2-1
BP33-3-2
BP65-3-1
BI65-3-2

BS15-7-1

BS33-12-1
BS33-13-1
BS33-14-1
BS65-25-1
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Appendix C

Control Panel Operatioral Range Equations
Range Cell Width = 131.15 ft (40 m)
Range Coverage ~ 2100 ft (640 m}

Figure C1 depicts the three operational range modes of the radar: NEGATIVE,
SHORT, and 1.ONG. The position of switches E and P select one of the radar range

mades as defined in Table C1,

SAMPLE 8 HOLD DELAY SELECT TEST us,"o"”mwm,
1 i .
5@ @F @) @ @»
L
— MANUAL IF ATTEN
_LONGOELAY __  _NEG 8 SHORTDELAY _ oN 24 1z 6
® ® @ ® @ © ® @ ® ¢ ® ®
DO 0! 02 D3 2] o} 8 ’ OFF
108 CYR ENA
oN
® ® @ @ @
D4 o8 s, 3 D7 QOFF
EF
LONG - OO0
SHORT -~ Ol
NEG -

Figuare O, tlodas Conteod Paned

i1




Table €1, Radar Operating Range Mode

! 8
LLONG 0 0
SHORT ¢ I
NEGATIVE 1 1

Fquations (C1), (C3), and (C5H) express the radar search range os a function of
range bin (RB) and control panel configuration (l)('}%z\l”, D7, ¢te,). The rodar
operational range mode is determined by the position of control panel switches I

and 17,

Gl LONG DELAY RANGE EQUATION

kquation (C1) expresses radar search range (1) as a function of 100, D1, ... D3I
control panel switch position, and the range bin (RB) of interest when in the |ONG
delay range mode. stt is the control pancl switch (D7, D6, D3, ... DO) set dur-
ing radar operation, To caleulate v when in the 1.ONG delay range mode: let
D7 -7, D6 6, D5 5... DO 0, and RB is an integer representing the vange bin

of interest such that 1 = RB < 16,

1.ONG Delav Range Fquation

Y 5ATRIASDT-D )+ 10 F 2 RB) ft - 517,25 1t D

The time delay (At) between the transmitter MAIN BAND and the radar 16-bit
SAMPLE command is given by liq. (C2),

LLONG Delav Time Fquation

At (I5(D7-D Y+ 10 + 2 RIY) )
sot

2
15 NIz

G2 SHORT DELAY RANGE EQUATION

Equation (C'3) expresses radar seareh range () as o function of A RC,D
control panel switch positions and the range bin (RB) of interest when in the SHORYT
delay range mode, Control switches A, B, ¢, Darve binary weighted when cnleu-

lating y as shown in Table 2,
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Table C2. D(‘BAW Equivalent for Range Calculations

Control Panel Base 10
Switch Position Equivalent
D C B A
0 0 0 O 0
0 0 o0 1 1
0 0 1 O 2
0 0 1 1 3
11 1 1 15

SHORT Delay Range Equation
v - 131,1525(16,375 + RB - DCBAIO) ft - 517,25 ft (C3)
At may be calculated as expressed in Eq. (C4).

SHORT Delay Time Equation

At = (16,375 + RB - D(‘BAlO) (C4)

4
15 MHAz

C3. NEGATIVE DELAY RANGE EQUATION

Equation (C3) expresses the radar search vange (y) as a function of A; B, C,
D and RB when in the NEGATIVE delay range mode, A negative result from
Figs. (C3) and (C6) indicates the 16-bit SAMPLE command of interest occurs before
the transmitter MAIN BANG. A positive result indicates the SAMPLLE command
uecurs after the MAIN BANG.,

NEGATIVE Delav Range lquation
vy 131,1525 (172 + R - l)('BAm) ft ~ 517,25 Mt (CH)

NEGATIVE Delav Time Equation

4 - . .
At T;—m— (1/2 + RB - I BAI()) (C6)
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Appendix D

ADC Alignment Procedures

The purpose of this procedure is to ensure that the ADC assembly s calibrated
and will not introduce additionul errors into the receiver ‘processor svstem,  All
comments and adjustirents will be made with reference to the | side of the asscinbly;
however, they apply ecaally to the Q side,

Recommended Equipment

Dual trace oscilloscope

Signal generator

0-5 V de¢ variable power supply

1.ED display box (or eight-channel logic analyzer)

BNC to SMA adapters as required

Digital multimeter (DMAD

Two 18-wire ribbon connectors (MU PAC 3552040-01 or cquivalent),

D1. 8BIT ADC ALIGNMENT

D11 Initial Setup

Connect an 18-wire cable from the -t ADC poewer distoibution block teo the
8-bit ADC assembly under test, The cable must be connected 1o the 8-at AT
board row O, pins 19-34,  Fnsure the black white pane of wares o the ADC bocoed

(pins 19-20) is connected to the 4-bit power distmbution block Gnns 1=2 o 1e-21),

14,

FHECEDING PAGE BLANK~NOT FI.LMED




Reversing the supply sequence can cause serious damage to the ADC {vefer to

Figure D1).

prn g ety
A .a s " Jroup Crumtes Cotage
P L

i
AP

I TR ) © Sfa

.

3 ) oA ).
oA L \ I E | . :
— { AR L R
W L

L F ST
o o
SAMPLE  COMMAND T
INFUT  FROM —_
CHGITAL 1k wahs X
BACRFLAN: g '
- ol A
-
ANAL QG !
N .
| —
|
e b . L
. .\ AML L DOMMANG
M S R
5 'f. e
0L TR ANT
. .

ANALOG | ' HONAY !
LT T ‘

IFigure D1, 8-Bit ,DC Alignment Configuration

Connect a coax cable to the 8-bit SANPLILI conmnand iput port from the
receiver digital hardware backplane (vefer to Figure D2Y,

Conneet the dual trace scope as follows:

L. Trace "A" to the analog imput

20 Trace "B ta the input of the ADC (pins 17 and 18)
(Refer to Figure D3G) for pin locations,)

Connect the signal generator to the analog mput poet of the ADC under test,

Furn rack power o,




4-BIT ADLC

SAMPLE COMMAND —1——™

{from ivgic boord

Figure D2,

)

(Backplane Connector Panel)

D1.2 ADC Assembly Gain Adjustment (Refer to Figure D3(b))

oo TAL D HARDANAWE
COWE R Pk Y

ACTUMAT S s
ATTEN PATU R
SUNTROL CInE S

from g board

LRIT omAF

MAIN BANG ToO
TRANSMITTER
(from 'ag- ¢ board )

g-w:t AT
SAMYE COMWVAND
(from loge bhcarg 2

Receiver Digital Hardware

Ensure the analog input (signal generator) is set for 100 MV peak to peak at

250 KHz as measured with the scope (trace A).

Monitor the input to the ADC (trace B) and adjust the GAIN pot of the wide-
band amplifier for a gain of 6.3 (630 mV) output,




[ I ’_”z T T T T T 77.‘%
: f SAMELE F
o,wu:.-n
P NPT v
[ S8
P P
° 8-817 aDC . u 8-BIT ADC :
“u © »
Sos SAMPLE B ROLL ¢ 1
° ¢ MCDuLES e’
W OE HAN sovve W DL BAN(
AME ety e
e e 2 e
M ANAL O s ° ANALOG
INPYT L hd NPt
SR ee (3%
(a} P Locations (Top View)
FulLL SCALE_ADY Full SCALE AD,
ZERO A +REF ADY ZERO *REE ADJ
-REF aDJ -REF  AaDJ

b
BR .Tr P —» 1A |1 m
GAIN Am7 Kgﬁﬁsm apy ﬁ—/ ;;EE;LI_AQ.J_/CAIN A&T \Qﬂ_ssr ADY

INPHASE (1) QUADRATURE (Q)

(b) Calibration Adjustments (Side View)

Figure D3, 8-Bit ADC Assembly

D1.3 ADC Assembly Offset Adjustment (Refer to Fiaure D3(h))

The purpose of this adjustiment is to ensure the analog input has o 0V de offset

(with respect to ground) as measured with an oscilloscope,  Anv de offset 1o the

analog signal will cause the ADC output to shift a proportional amount and invalidatc

any gathered data,

Monitor scope trace A and adjust the analog input (signal cenerator) for 0V de
offset,

Remove the trace B probe from the ADC (pins 17 and 18) and conneet it to the
sample and hold unit input (pins 10 and 11),  (lefer to Figure D3 for pin loca-
tions,)

Monitor the scope {trace B), and adijust the OFPSET pot of the wide -hand

amplifier for 0V de offset




P 8B v Outpul alibation Setup (Keter to Figares DY and D)

ot oo ' e ! | ! i h
' [ o i B ' AT AR - ‘
Ay . [T R Tt . [ !
VI [SAE TP T S \ " b b , .
tre b e Ve )
[ S C R A L A S T bbby LN ]
RN L R S T R L E A R A P '
R T O B B T T R K L T S ST T S S O O !
Attt eos bt oo Qe s boovever U e s o Lo

toothe Tosade ondy )

Connect S0V de toothe TE D ansodoes ey st cdn-, o s 0 b e g fre ’.
connector o e e cond aloeatee e e e B0 G e 1 Fio
chips through the ADC deck tethe vens o she pc ke, O e thie et v iy

clip to - Vide vonthe backplane of the soceive s o] b e o the o b o
tooercund,  Connect BNC conneetar tothe T D disolay by,

Remeve both scope probes and the sagnad geneeador S the ADC s by,
Reonove the saeiple and hold umt foorn the sade to be calibrated,

Connect the 0-0 Vo de variable power supply teorthe mput of the ADC (hins 17
and 18).

Connect the DA to the anput of the ADC (pins 17 and 18),

Turn rack power ong Allow 10-n0mn donemup e for the ADC to stabalive,

DES 8-Bit A/D Adjustments (Refer to Figure D3(h) for Location of Pots)

Monitoring the DMM, adyust the variable nower supply to =10 110V de,
Adjust the ~REE ADI pot until the T ED display indicates the follow ine:
(red LED'S vepresent §side, Green RS vepresent Q sido)
NT, NG, N should be on

N4 should be blinking,

As the voltage is decreased to =10 110 Vode, N4 should e oon, and as the vodtaee e )
mereased ta 1,120 Vo de, N should be ofre,

Monitoringe the DMAM, adiust the variabic poser supply too 1,125 oL

Nbisr the CREPE A st ontad the 1 E D display ndicates vhe fd oy iy ;7
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ot D20 ADC to ihetal Thoedwre Boo kplane Cable ]t

b faee t Lagure 32 for cord Tocation=y
!
!
{ ) .
s ! |
i
3 4-brr ATx Boeverver Hurda
H LB opins 1-18 Cord 2o Bopans 10-00
i
H Hs-bre AT
Bil o B 1-18 Card 4 004 A pins 1-14
) Bd 2 row B 1-18 Card 5 roa A pins 1-18
B 3 rone B 1-18 Card 6 row A pins 1-14
| R row B 1-18 Card 7 roa A s 1-1b
B0 roa B3 1-18 Card @ poe A pins 1-140
4
{ B s ros B1-18 Cord 10 o A pins 1-1a
i Bii 7 row B1-13 Cord 11 row A nins 1-16
i Bd 8 row B 1-18 Card 12 row A pins 1-18 '
; _
i b, Adjust the 0-50 dB attenuator for 50 41 and the front panel srtenunton
: for maxirium attenuation,
c. Connect the oscilloscope to the TF front end as follows (refor 1,
§ Figure El1(a) for location I¥ front end):
5 1. Trace A to the 6-dB test point,
; 2. Trace B to the 12-dB test point,

d. Determine the front panel attenuator setting to be used (refer to the
power reading/attenuator setting taken in step 3),
1. Ifa 1 mW power level was obtained, add the attenuator setting ..
-75 dB to obtain the proper value, that is, attenuation setting
2,7 dRB
+75 A3
77.7 A1
will be the total svstem attenuation to be inscrted via the 0-00 A1

attenuator and the front panel attenuator (0-50 dB set ta 30 A8 and
the front panel attenuator set to 27,7 dB),

2. 1fa 1 W power level was not obtained, take the power Jovel rend-

ing of front panel attenuation and subtract fron the toral
attenu. ssived, that is) power level reading ot =3, 2 dBm,
T3

-4, 2 dinn

71,8 4N

total svstem attenuation,




After the proper attenuation level has been set, monitor the scope and adjust
the 4-bit ADC de¢ bias pot {refer to Figure D6) until the 6-dB IF attenuator line just
begins to switch in,  Ensure the manual attenuation control on the radar control
panel is in the OFF position (refer to Figures C1 and Ela) for location,

Note: By monitoring the 6~ and 12-dB I} attenuator lines, you ensure that
6 dB is being calibrated,

D4, DYNAMIC SYSTEM CHECK (Refer to Figure D8)

The dvnamic test for each of the I and Q sides is the same for all eight chan-
nels. Channel 1Q will be described because of its accessibility.

POWER
METER
—
|
1
) 8- way \ ch i '
| POWER 2 2 RF
DIVIDER 3 3 FRONT
0-504dB 0-36C |
4 < END
VARIABL E PHASE 1 Inpat 5 5
AT TENUATOR SHIFTER
[ 5}
7 7
8 8

TRANSMITTER
LOW POWER OUTPUT

Figure D8. ADC Dynamic Test Configuration

Configure the transmitter for TEST, as outlined in Section D3, 2,

Remove the RE input cable from the channel T RE input port, and connect this
cuble end to an eight-wayv power divider (MERRIMAC PN -82),

[ sing eight coax cables (36-in. long), connect cach of the output ports of the
power divider to the input ports on the RE front end,

In order to determine the saturation point for cach of the ADC unit, 1t may be
necessary to measure the total insertion loss of the eight -way power divader from
the input cable to each of the eight output cables,  This may be accomphished using
A network analyvzer, (Note: Although use of the eight-way power divider is not

mandatory, it does shorten the time required to perform checks on all 16 ADC!'s,

Lon




If not used, the RF input cable must be moved from channel to channel as the test
progresses,)

1. On the rudar control panel, set the I'F attenuator switches to 0 dB of
manual 1} attenuation.

2, Connect an oscilloscope to the sample and hold input pins (10 and 11) of the
ADC under test. (Refer to Figure D3(a) for pin locations.)

3. Set the 0-50 dB attenuator to 30 dB of attenuation. Set the transmitter
front panel attenuator to 20 dB of attenuation.

4., Turn rack power on (both transmitter and receiver racks), Allow 10 min

for warmup. Turn the transmitter "offset oscillator" on,

5. DMonitoring the scope, adjust the 0-3 60° phase shifter for the la rgest possi-
ble signal level (with respect to ground).

6. Set the transmitter front panel attenuator to 50 dB. On the radar control
panel, set the auto/manual IF attenuator switch to AUTO.
7. Monitoring the oscilloscope, begin decreasing the amount of attenuation via
the front panel attenuator. At the point where the 6 dB 117 attenuator begins to
switch in, measure the signal level (reading should be less than 1,25 V peak).

8. Continue decreasing the attenuation on the front panel attenuator, As each '
succeeding I} attenuatoy begins switching in, note the signal level, )

(Note: The full range of 42 dB of IF attenuation may be achieved in the follow - )
ing manner:

After the front panel attenuator has been adjusted through its full range (to
0 dB), set the front panel attenuator to 50 dB and the 0-50 dB attenuator to 0 dB .
attenuation.  This will give the svstem another 30 dB of signal range. ).

O, Repeat steps 1. through 7. for the remaining 15 A/D sides.

At no point should the signal level measured in the automatic mode of 11 att -
uation exceed 1, 25 V peak, If the signal level does exceed this amount, the AD(C's
may saturate,

10. It the signal level for any one of the 16 ADC's exceeds 1,25 V peak, repent

the 4-bit ADC bias adjustment procedure outlined in Section D3,




Appendix E

System Component ldentification

The purpose of Appendix E is to identifyv the equipment located in each of the
four equipment racks that make up the NFMRAD (AMTI) svstems,  As cuch level
is identified within an equipment rack, reference will be made to the chapter wthi-

in this report and/or other documentation for functional descriptions,

El. RECFEIVER (Refer to Figuse El(a))

level 1
Receiver T19 Refo Scetion 3,204
Tevel 2
Radar Control Panel Rets Appendix O
Teved 3
Receiver Digital Havdware Refo 4.1, 4.4 through 4.7
fevel 4
Analog to Digital Converter Ref, 4,2, 4.3, Appendix D)

(ADC) Deck
level o oand 6

Pawer Supplies nane

1
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level 7

Rack Blower none

F2. TRANSMITTER (Refer to Figure El(b))

level 1
Delay Lities Ref, 3,203
ln'\'t'l 2
Heceiver Front bind Ref, 3,2.2
Fransmit ‘Receive Array Ref, 2.2
1-‘\"'1
Transmitte: er, 31
g, B sourees ef, 11
b.  Pulse Generation Retf, 3,103
c. Pulse Generation Rev, 1,9
ool
Power Supplies Dot
tove D
ravebhng Wave Tobe Amphficr el 30104, alao Instruction end
[BRAR Y] NMuaintenanee AMonusd for Instiunentn-
tion Fraveling Wasve Tube Aapltficr
Medel Noo 1277HO W LD Nuaetios
Alrveraft ol Bles teor Do e s
[hviston, 3100 W T amats Blvd,
Povvrance, € D00
level 6
Rk Blower noohe

3. CSP30 MINICOMPUTER (Refer 1o Figure B2

Tevel 1

Tri-Data Catritile Unit e, Cartmifile 20 Instruction Manual,

Fri=-Datn, 800 MNMauae Ave,, Mountain
View, CA 53040
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level 2

Ref, CSPL Operation and Maintenanec
Manual, Doc. No. JP3000-000-04,
CsSPi, 40 Linnel Cr,, Billerica, MA

Control panel

01821
level 3
Upper Mainfraiae Cooling FPans Ref., none
level 4
Mainframe ‘Card Nest Ref, sece level 2 above
level 5
[.ower Mainframe Cooling VFans Ref., none
level 6 '
1
Power Supplies Ref, see level 2 above 1
|
4. MAP ARRAY PROCESSOR (Keter to Figure E2(h)) '1'
level 1 ‘j
i
. N . |
Display Scope Ref, Tektronix Operation and MNainte - '
nance Manual, Type 611 Nod, 162¢,
Tektronix Tvpe 611 Tektronix, Ine,, P, Box 200,
Beaverton, OR 97005
|
level 2 {
Hard Copy Unit Ref, Tektronix Operation and Aaan- :
Tektronix Mod, 4601 tenance Manual Mod, 4601, !
level 3 .
MAP Monitor Panel Ref, Installation and Operotion Hooklet }
No, ASTIZ0-000-01, |
A
level 4 .
b

Fxpansion Power Supply Ref. Operation Maintenanee Manual
AT 6000-004-PREY,

level 5

MAP-300 Arithmetic Processor MAP Programmer's Reference Manug!
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MISSION
of

Rome Air Development Center

RADC plans and executes nesearch, development, test and
selected acquisition proghams in suppont of Command, Contrnol
Communications and Intelligence (C31) activities. Technical
and engineerning suppont within aneas of technical competence
48 provided to ESD Program Off4ices (P0s) and othern ESD
elements. The prnincipal technical mission areas are
communications, electromagnetic guldance and control, sun-
vedllance c¢f ground and aencspace obfects, {ntelligence data
collection and handling, {nformation system technology,
Lonospherndic propagation, soldid state sciences, michowave
physics and electronic neliability, maintainab{lity and
compatibility.

Printed by
United States Air Force
Haonscom AFB, Mass. 01731







